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(57) A method Is provided for producing a male ster- 
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a nucleic acid which is DNA encoding zinc finger tran- 
scription factors (2PT2-5, 2PT3-1 and 2PT4-1) derived 
from Petunia and a promoter operatively linked to the 
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sion cassette including a promoter derived from the 
ZPT3-1 andZPT4-1 genes and a heterologous gene op- 
eratively linked to the promoter. 
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Description 
TECHNICAL FIELD 

[0001] The present Invention relates to genes which 
are expressed specifically in the pollen producing tis- 
sues of stamens and use of the same. More particularly, 
the present invention relates to the genes for zinc finger 
transcription factors (ZPT2-5, ZPT3-1 and ZPT4-1) de- 
rived from Petunia, which are expressed specifically In 
microspores, and use of the same. 

BACKGROUND ART 

[0002] Pollen fertility causes problems in various as- 
pects of agriculture and horticulture. For example, In the 
case of mating for cross breeding, self-pollination has 
to be avoided by castration (removal of stamens) which 
requires enormous effort. In the seed and seedling in- 
dustry, there is a demand for a trait of lack of pollen fer- 
tility from the standpoint of commercially protecting ex- 
cellent breeds obtained by cross breeding. To meet such 
a demand, a technique for controlling pollen fertility (pol- 
lination control) has been strongly required. Conven- 
tionally, for particular crops, lines of cytoplasmic male 
sterility have been used for cross breeding, and some 
success has been achieved. However, the cytoplasmic 
sterility trait is often accompanied by undesired side ef- 
fects, such as a reduction in disease resistance and the 
like. There are further problems, such as that the trait Is 
unstable, that It is difficult to mass-produce the seeds, 
and the like. A method for reducing the fertility by treat- 
ing with a chemical agent(s) has been studied, but safe- 
ty evaluation and elucidation of the mechanism of this 
method have not been fully done and thus such a meth- 
od is not yet in actual use. Therefore, there is a demand 
for an excellent mate sterilization technique using ge- 
netic engineering. 

[0003] Pollen is the male gametophyte of spermato- 
phyte. The development of pollen which proceeds while 
pollen is surrounded by an anther as a supporting tissue 
is divided into the following stages: the tetrad stage im- 
mediately after the meiosis of microsporogenous cells 
(pollen mother cells); the release stage during which mi- 
crospores are released from the tetrad; the uninucleate 
stage characterized by the enlargement and vacuola- 
tion of pollen cells, the mitotic stage giving rise to the 
differentiation into vegetative and generative cells by mi- 
tosis; and the subsequent binucleate stage. After these 
stages, the anther finally dehisces and matured pollen 
grains are released. Therefore, It can be said that the 
microspore Is one of target tissues which are most suit- 
able for artificial control in order to inhibit the develop- 
ment of pollen and eliminates pollen fertility. 
[0004] As described above, great expectations are 
placed on male sterilization techniques using genetic 
engineering. Particularly, if a gene which is expressed 
specifically in the direct precursor of a pollen cell, such 



as a microspore, can be utilized, it is considered to be 
highly likely that male sterilization can be achieved with- 
out conferring undesired traits to plants. Several exam- 
ples of promoters specific to various stamen tissues and 
5 gene constructs for male sterilization comprising the 
promoter have been reported (Shivanna and Sawhney 
Ed., Pollen biotechnology for crop production and im- 
provement (Cambridge University Press), pp. 237-257, 
1 997). However, there has been continuously a demand 
■ 10 for a novel gene useful for control of pollen fertility, which 
has high tissue and temporal specificities of expression. 
[0005] Recently, the inventors of the present applica- 
tion specified the cDNA sequences of novel transcrip- 
tion factors derived from Petunia, i.e., seven zinc finger 
IS (Zf) transcription factors including PEThy ZPT2-5, 
PEThy ZPT3-1 , and PEThy ZPT4-1 (hereinafter abbre- 
viated as 2PT2-5, ZPT3-1, and ZPT4-1, respectively). 
And the inventors reported that Northern blot analysis 
indicates that each transcription factor transiently ex- 
20 presses in an anther-specific manner in a different stage 
ofthe development of the anther (Kobayashietal., Plant 
J., 13:571, 1998). However, the physiological function 
and action of these transcription factors in plants, and 
the precise expression sites and the expression control- 
's ling mechanism of the genes encoding the transcription 
factors have been not clarified. 

DISCLOSURE OFTHE INVENTION 

30 [0006] The objective of the present Invention is to pro- 
vide a genette engineering technique using a pollen- 
specific gene which Is useful for modification of a plant 
trait, representatively male sterility. 
[0007] The present inventors reintroduced genes en- 

35 coding anther-specific transcription factors (ZPT2-5, 
2PT3-1 and ZPT4-1), which had been previously isolat- 
ed from Petunia, into Petunia. As a result, it was found 
that the normal development of pollen was inhibited, so 
that pollen fertility was significantly reduced (ZPT2-5 

40 and ZPT4-1 ), or substantially eliminated (ZPT3-1 ). Fur- 
ther, the inventors isolated upstream regions of the 
ZPT3-1 and ZPT4-1 genomic genes, respectively, and 
studied the tissue specificity ofthe promoter activity. As 
a result, it was found that the promoter activity is ex- 

45 pressed in microspores from the uninucleate stage to 
the binucleate stage In a tissue and temporal-specific 
manner. The present invention was completed based on 
these findings. 

[0008] According to a first aspect of the present inven- 
50 tion, a method for producing a male sterile plant com- 
prises the steps of providing a plant expression cassette 
including: a nucleic acid being any of (1) DNA having a 
sequence from position 1 to position 777 of a base se- 
quence indicated by SEQ ID NO: 1 , (ii) DNA hybridizing 
55 the DNA having the base sequence (i) under stringent 
conditions and encoding a transcription factor control- 
ling the development of pollen, and (iii) a DNA fragment 
of (1) or (ii); and a promoter operatively linked to the nu- 
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Oleic acid, providing piant.ceiis having an endogenous 
transcription factor controlling the development of pol- 
len, wherein a gene encoding the endogenous tran- 
scription factor hybridizes the nucleic acid under strin- 
gent conditions, introducing the expression cassette in- 
to the plant cells, regenerating the plant cells, into which 
the expression cassette has been introduced, to plants; 
and screening the regenerated plants for one in which 
the nucleic acid is expressed so that expression of the 
endogenous transcription factor is suppressed. 
[0009] According to a second aspect of the present 
invention, a method for producing a male sterile plant 
comprises the steps of providing a plant expression cas- 
sette including: a nucleic acid being any of (I') DNA hav- 
ing a sequence from position 1 to position 1 640 of a base 
sequence Indicated by SEQ ID NO: 3, (H') DNA hybrid- 
izing the DNA having the base sequence (i') under strin- 
gent conditions and encoding a transcription factor con- 
trolling the development of pollen, and (iii') a DNA frag- 
ment of (i') or (ii'); and a promoter operatively linked to 
the nucleic acid, providing plant cells having an endog- 
enous transcription factor controlling the development 
of pollen, wherein a gene encoding the endogenous 
transcription factor hybridizes the nucleic acid under 
stringent conditions, introducing the expression cas- 
sette into the plant cells, regenerating the plant cells, 
into which the expression cassette has been introduced, 
to plants; and screening the regenerated plants for one 
in which the nucleic acid Is expressed so that expression 
of the endogenous transcription factor Is suppressed. 
[0010] According to a third aspect of the present in- 
vention, a method for producing a male sterile plant 
comprises the steps of providing a plant expression cas- 
sette including: a nucleic acid being any of (i") DNA hav- 
ing a sequence from position i to position 1948 of abase 
sequence Indicated by SEQ ID NO: 5, (ii") DNA hybrid- 
izing the DNA having the base sequence (I") under strin- 
gent conditions and encoding a transcription factor con- 
trolling the development of pollen, and (ill") a DNA frag- 
ment of (I") or (11"); and a promoter operatively linked to 
the nucleic acid, providing plant cells having an endog- 
enous transcription factor controlling the development 
of pollen, wherein a gene encoding the endogenous 
transcription factor hybridizes the nucleic acid under 
stringent conditions, introducing the expression cas- 
sette into the plant cells, regenerating the plant cells, 
into which the expression cassette has been introduced, 
to plants; and screening the regenerated plants for one 
in which the nucleic acid is expressed so that expression 
of the endogenous transcription factor is suppressed. 
[001 1 J It should be noted that the DNAs of (ii), (Ii') and 
(li") each do not include (iv) DNA hybridizing DNA having 
a sequence from position 1 to position 1886 of abase 
sequence indicated by SEQ ID NO: 13 under stringent 
conditions and encoding a transcription factor control- 
ling the development of pollen. The base sequence in- 
dicated by SEQ ID NO: 13 Is a cDNA sequence encod- 
ing another transcription factor ZPT3-2 isolated from 



Petunia (Kobayashi et al. above). 
[0012] The method according to the first through third 
aspects of the present invention is utilized as a method 
for conferring male sterility to a plant. 
5 [001 3] In one embodiment of the first through third as- 
pects, the nucleic acid Is linked in a forward direction 
with respect to the promoter, and may be transcribed In 
a sense direction in cells of the plant. 
[0014] In one embodiment of the first through third as- 
10 pects, the nucleic acid is linked in a reverse direction 
with respect to the promoter, and may be transcribed in 
a antisense direction in ceils of the plant. 
[001 5] In one embodiment of the first through third as- 
pects, the plant is dicotyledon. The dicotyledon is pref- 
erably of the family Solanaceae. and more preferably of 
the genus Petunia. 

[0016] In one embodiment of the first through third as- 
pects, the expression cassette is incorporated into a 
plant expression vector. 

[0017] According to the first through third aspects of 
the present invention, a male sterile plant produced by 
a method according to any of the above-described 
methods is also provided. 

[0018] According to a fourth aspect of the present in- 
vention, a method for producing a plant having a modi- 
fied trait comprises the steps of providing a plant expres- 
sion cassette including: a promoter including any of (a') 
DNA having a sequence from position 1 to position 2624 
of a base sequence indicated by SEQ ID NO: 7 and (b') 
DNA having a part of the sequence of (a') and exhibiting 
promoter activity specific to microspores; and a heterol- 
ogous gene operatively linked to the promoter, introduc- 
ing the expression cassette into plant cells, and regen- 
erating the plant cells, into which the expression cas- 
sette has been Introduced, to plants. 
[0019] According to a fifth aspect of the present inven- 
tion, a method for producing a plant having a modified 
trait comprises the steps of providing a plant expression 
cassette including: a promoter including any of (a") DNA 
having a sequence from position 1 to position 3631 of a 
base sequence indicated by SEQ ID NO: 8 and (b") DNA 
having a part of the sequence of (a") and exhibiting pro- 
moter activity specific to microspores and optionally the 
dehiscence tissue of an anther; and a heterologous 
gene operatively linked to the promoter, introducing the 
expression cassette into plant cells, and regenerating 
the plant ceils, into which the expression cassette has 
been introduced, to plants. 

[0020] In one embodiment of the fourth and fifth as- 
pects, the trait is fertility, and the plant having a modified 
trait is a male sterile plant. Therefore, the method of the 
present invention may be utilized as a method for con- 
ferring male sterility to a plant. 

[0021] In one embodiment of the fourth and fifth as- 
pects, the trait is compatibility, and the plant having a 
modified trait Is a self-lncompatiblle plant. Therefore, the 
method of the present invention may be utilized as a 
method for conferring self-incompatibility to a plant. 
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[0022] In one embodiment of the fourth and fifth as- 
pects, the plant is dicotyledon. The dicotyledon is pref- 
erably of the family Solanaceae, and more preferably of 
the genus Petunia. 

[0023] In one embodiment of the fourth and fifth as- 
pects, the expression cassette is incorporated into a 
plant expression vector. 

[0024] In one embodiment of the fourth and fifth as- 
pects, a trait-modified plant produced by a method ac- 
cording to any of the above-described methods Is pro- 
vided. 

[0025] According to a sixth aspect of the present in- 
vention, a promoter comprises DNA of the following (I') 
or (IT): (T) DNA having a sequence from position 1 to 
position 2624 of a base sequence indicated by SEQ ID 
NO: 7; and (IP) DNA having a part of the sequence of 
(1') and exhibiting promoter activity specific to micro- 
spores. 

[0026] According to a seventh aspect of the present 
Invention, a promoter comprises DNA of the following 
(I") or {II"): (I") DNA having a sequence from position 1 
to position 3631 of a base sequence indicated by SEQ 
ID NO: 8; and (11") DNA having a part of the sequence 
of (1") and exhibiting promoter activity specific to micro- 
spores and optionally the dehiscence tissue of an an- 
ther. 

[0027] According to an eighth aspect of the present 
invention, a plant expression cassette useful for confer- 
ring male sterility to a plant, comprising any of. the 
above-described microspore-specific promoters and a 
heterologous gene operatlvely linked to the promoter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Figure 1 Is a diagram showing a cDNA sequence of 
a gene encoding ZPT2-5 (herein also simply re- 
ferred to as "2PT2-5 gene") and the con-esponding 
amino acid sequence. Two zinc finger motifs and a 
DLNL sequence (amino acids from position 145 to 
position 155) are underlined. 

Figure 2 is a diagram showing a cDNA sequence of 
a gene encoding ZPT3-1 (herein also simply re- 
ferred to as "ZPT3-1 gene") and the con-esponding 
amino acid sequence. Three zinc finger motifs and 
a DLNL sequence (amino acids from position 408 
to position 417) are underlined. 

Figure 3 is a diagram showing a cDNA sequence of 
a gene encoding ZPT4-1 (herein also simply re- 
ferred to as "ZPT4-1 gene") and the conresponding 
amino acid sequence. Four zinc finger motifs and a 
DLNL sequence (amino acids from position 438 to 
position 449) are underlined. 

Figure 4 is a schematic diagram showing structures 



of plant expression vectors used for expression of 
each cDNA sequence of ZPT2-5, ZPT3-1 and 
ZPT4-1 (pBIN-35S-ZPT2-5, pBIN-SSS-ZPTS-l and 
PBIN-35S-ZPT4-1). 

Figure 5 is a diagram showing an upstream se- 
quence of the coding region of the ZPT3-1 gene. 
The transcription initiation site is indicated by a thick 
arrow (position 2567). The translation initiating co- 
don (ATG) is indicated by a thick underline. 

Figure 6 is a diagram showing an upstream se- 
quence of the coding region of the ZPT4-1 gene. 
The transcription initiation site is indicated by a thick 
an-ow (position 3503). The translation initiating co- 
don (ATG) is indicated by a thick underline. 

Figure 7 is a schematic diagram showing structures 
of plant expression vectors for analyzing promoters 
for the ZPT3-1 and ZPT4-1 genes 
(PBIN-ZPT3-1-GUS and pBIN-2PT3-1-GUS). 

Figure 8 shows photographs indicating the forms of 
organisms, i.e. , the pollen of a wild type Petunia and 
the pollen of a Petunia into which pBIN-35S-ZPT2-5 
was introduced (a transfomnant in which cosuppres- 
sion occurred) (the magnification is 400 times). Fig- 
ures 8(a) through (d) are of the wild-type Petunia 
and Figures 8(e) through (h) are of the cosup- 
pressed transformed Petunia, each of which shows 
the pollen of a bud at a different development stage. 
Afl the pollen were stained by a commonly used 
method using DAPI (4',6-dlamidino-2-phenyllndole 
dihydrochloride n-hydrate). 

Figure 9 shows photographs indicating the fornis of 
organisnns, i.e., the pollen of a wild type Petunia and 
the pollen of a Petunia into which pBIN-35S-ZPT3-1 
was introduced (the magnification is 700 times). 
Figures 9(a) and (c) are of the wild-type Petunia and 
Figures 9(b) and (d) are of the transformed Petunia, 
each of which shows the pollen at the tetrad stage 
and the microspore stage, respectively. The pollen 
of the tetrad stage and the pollen of the microspore 
stage were stained by a commonly used method us- 
ing DAPI and safranin, respectively. The pollen of 
the Petunia into which pBIN-35S-ZPT4-1 was intro- 
duced showed substantially the same fomn as Fig- 
ures 9(fo) and 9(d). 

Figure 10 shows photographs showing the fonns of 
organisms, i.e., GUS-stalned floral organs of Petu- 
nia into which pBIN-ZPT3-1-GUS and 
pBIN-ZPT4-1-GUS were introduced. Each photo- 
graph was taken of a flower (bud) whose anther is 
in the uninucleate stage. Figures 10(a) and (d) 
show the appearances of bud at the actual size. Fig- 
ures 10(b) and (e) show the cross-sectional views 



4 



7 



EP 1 230 843 A1 



8 



Of an anther at a low magnification (40 tinnes). Fig- 
ures 10(c) and (f) show the cross-sectional views of 
microspores (Figure 10(c): the magnification is 700 
times) and the dehiscence tissues and the sur- 
rounding vicinity of the anther (Figure 10 (f); the 
magnification is 200 times) at high magnifications. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] Hereinafter, the present invention will be de- 
scribed in detail. 

(Transcription factors derived from ZPT2-5, 2PT3-1 and 
ZPT4-1 genes) 

[0030] A nucleic acid, which is useful In a method for 

producing male sterile plants according to first to third 
aspects of the present invention, is any one of the fol- 
lowing DNAs: 

(I) DNA having a sequence from position 1 to posi- 
tion 777 of a base sequence indicated by SEQ ID 
NO: 1; 

(i') DNA having a sequence from position 1 to posi- 
tion 1 640 of a base sequence indicated by SEQ ID 
NO: 3; 

(i") DNA having a sequence from position 1 to po- 
sition 1 948 of a base sequence indicated by SEQ 
ID NO: 5, 

[0031] DNA which hybridizes to the DNA having any 
of the base sequences (I) to (1") under stringent condi- 
tions, and encodes a transcription factor which controls 
the development of pollen(l.e., (il), (il') or (il")); or 

DNA which is a fragment of any of the above-de- 
scribed DNAs (I.e., (Hi), (lii') or (Hi")). 
[0032] The above-described nucleic acid of the 
present Invention is preferably DNA of (i), (i') or (i"), i.e., 
DNA encoding ZPT2-5, ZPT3-1 or ZPT4-1. or a frag- 
ment thereof, and more preferably DNA of (i), (i') or (i"). 
[0033] In the present specification, "transcription fac- 
tor" refers to a protein for controlling the synthesis of 
mRNA by binding to DNA in the regulatory region of a 
gene. It is known that a certain type of transcription fac- 
tor has a highly conserved amino acid sequence called 
a zinc finger (ZF) motif In the DNA binding domain, 
ZPT2-5 is a zinc finger (ZF) protein of the Cys2/His2 
type (EPF family), which is a transcription factor which 
includes two ZF motifs In the full-length amino acid se- 
quence consisting of 176 amino acids, and further, a hy- 
drophobic region called a DLNL sequence. Similarly, 
ZPT3-1 is a ZF protein of the EPF family, which is a tran- 
scription factor which includes three ZF motifs in the full- 
length amino acid sequence consisting of 437 amino ac- 
ids, and further, a DLNL sequence. Similarly, ZPT4-1 is 
a ZF protein of the EPF family, which is a transcription 
factor which Includes four ZF motifs In the full-length 
amino acid sequence consisting of 474 amino acids, 



and further, a DLNL sequence. For any of the above- 
described transcription factors, see Kobayashi et al. 
(above). cDNA sequences (SEQ ID NO: 1 , 3 and 5) en- 
coding ZPT2-5, ZPT3-1 and ZPT4-1, respectively, are 

5 shown in Figures 1 , 2 and 3 along with corresponding 
putative amino acid sequences (SEQ ID NO: 2, 4 and 6). 
[0034] In the present specification, "fragment* of a nu- 
cleic acid or DNA refers to a fragment which can inhibit 
the expression of an endogenous transcription factor in 

10 a plant when the fragment is introduced into the plant 
and expressed in an appropriate manner. This fragment 
is selected from regions of DNAs of the above-described 
(i). (i'). (i"). (li), (ii') or (It") otherthan the regions encoding 
the zinc finger motifs In the DNAs. The fragment has a 

15 length of at least about 40 bases or more, preferably 
about 50 bases or more, more preferably about 70 bas- 
es or more, and even more preferably about 1 00 bases 
or more. 

[0035] In the present specification, "stringent condi- 
20 tions" for hybridization are intended as conditions suffi- 
cient for the fomnatlon of a double-strand oligonucle- 
otide of a particular base sequence (e.g. , DNA encoding 
ZPT2-5, ZPT3-1 or ZPT4-1 derived from Petunia) and 
another base sequence having a high level of homology 
25 with the particular base sequence (e.g., DNA encoding 
a homolog of ZPT2-5, ZPT3-1 or ZPT4-1 which is 
present In a plant other than Petunia). A representative 
example of the stringent conditions applied to the 
present invention are the following: hybridization Is con- 
30 ducted In a solution containing 1 1VI NaCI, 1 %SDS, 1 0% 
dextran sulfate, 32p.|abeled probe DNA (1X10^ cpm) 
and 50 ^ig/mi salmon spemri DNA at 60*C for 16 hours, 
followed by washing twice with 2XSSC/1%SDS at 60*C 
for 30 minutes. 

35 [0036] In the present Invention, a degenerate primer 
pair corresponding to a conserved region of an amino 
acid sequence encoded by the gene of a known tran- 
scription factor may be used in order to isolate DNAs 
encoding ZPT2-5, ZPT3-1 and ZPT4-1 , and DNA en- 

40 coding a transcription factor which hybridizes these 
DNAs under stringent conditions to inhibit the develop- 
ment of pollen. PGR Is conducted using this primer pair 
with cDNA or genomic DNA of a plant as a template, 
thereafter, the resultant amplified DNA fragment is used 

45 as a probe so that the cDNA or genomic library of the 
same plant can be screened. As an example of such a 
primer pair, a combination of 5'-CARGC- 
NYTNGGNGGNCAY-3' (SEQ ID NO: 9). and 3,-RT- 
GNCCNCCNARNGCYTG-5' (SEQ ID NO: 10) is illus- 

so trated (where N indicates inosine, R indicates G or A, 
and Y indicates C or T). The above-described primer 
sequences each correspond to an amino acid sequence 
QALGGH Included in the zinc finger motifs of the above- 
described ZPT transcription factors. 

55 [0037] Therefore, the stringent hybridization condi- 
. tlons which are applied to the present invention may also 
be used for PGR. In a representative example, the 
above-described degenerate primers (SEQ ID NOs: 9 
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and 10) may be used. In this case, the PGR reaction 
conditions may be the following: denaturation at 94*'C 
for 5 minutes; followed by 30 cycles of 30 seconds at 
94°C, 30 seconds at 50*^0 and 1 minute at 72'*C; and 
finally, Incubation at 72**C for 7 minutes. s 
[0038] PGR may be conducted based on the manu- 
facturer's Instruction for a commercially available kit and 
device, or a method well known to those skilled In the 
art. A method for preparing a gene library, a method for 
cloning a gene, and the like are also well known to those 
skilled In the art. For example, see Sambrook et al.. Mo- 
lecular Gloning: A Laboratory Manual. 2nd Ed. (Cold 
Spring Harbor Laboratory, 1989). The base sequence 
of a resultant gene may be detennined with a nucleotide 
sequencing analysis method known in the art, or by a 
commercially available automatic sequencer. 
[0039] I n the present specification, "controlling the de- 
velopment of pollen" by a transcription factor represent- 
atively means that when the expression of this transcrip- 
tion factor is inhibited, a significant change in the fonn 
or functions of pollen is observed. Representatively, by 
inhibiting the expression of a gene encoding the tran- 
scription factor of the present invention, preferably 
about 75% or more, more preferably about 90% ormore, 
and even more preferably about 95% or more of pollen 
cells are killed before being matured. When the amount 
of mRNA measured by a Northern blot method is about 
one tenth or less as compared to a wild-type control 
plant, the expression of a transcription factor is judged 
to be inhibited. 

[0040] Whether or not the transcription factors encod- 
ed by genes Isolated and identified by screening as 
above (i.e., ZPT2-5, ZPT3-1 and ZPT4-1, and the ho- 
mologs thereof) control the development of pollen, can 
be confinmed by producing a transformed plant and ob- 
serving the characteristics of the pollen of the plant in 
accordance with the disclosure of the present specifica- 
tion. 

[0041] According to the present invention, DNA en- 
coding a transcription factor which controls the develop- 
ment of pollen can be utilized to inhibit the expression 
of an endogenous gene having the same or homologous 
base sequence as that of the DNA in plant cells. Such 
a target endogenous gene is also a transcription factor 
which controls the development of pollen. According to 
the method of the present invention, plants are con- 
ferred male sterility by selectively Inhibiting only the ex- 
pression of an endogenous transcription factor, prefer- 
ably without substantially inhibiting the expression of 
genes other than the endogenous transcription factor 
which controls the development of pollen. 
[0042] in other words, plant cells to which the expres- 
sion inhibiting technique of the present invention is ap- 
plied are plant ceils having an endogenous transcription 
factor which controls the development of pollen. The 
gene encoding this endogenous transcription factor is 
defined as a gene which hybridizes with DNA encoding 
the above-described ZPT2-5, ZPT3-1 or ZPT4-1 , or a 



homolog thereof under stringent conditions. The defini- 
tion of the "stringent conditions" is the same as that de- 
scribed in relation to specification of the homoiogs of 
ZPT2-5, ZPT3-1 and ZPT4-1 . Plants capable of being 
confen-ed male sterility with the above-described meth- 
od are preferably plants which are phylogenetically, 
closely related to Petunia from which the above-de- 
scribed ZPT genes are Isolated, or plants from which 
genes encoding the above-described ZPT homoiogs 
are isolated, but the present invention is not intended to 
be limited to this. "Plants which are phylogenetically. 
closely related" means representatively plants catego- 
rized into the same order, preferably categorized into the 
same family, more preferably categorized into the same 
genus, and even more preferably categorized into the 
same species. Gonsidering the fact that the develop- 
ment of pollen is essential for the reproduction of sper- 
matophyte, it could be easily understood that transcrip- 
tion factors having the same or similar function to that 
of ZPT2-5, ZPT3-1 and ZPT4-1 may be widely present 
in other plants. 

[0043] As a technique for suppressing the expression 
of an endogenous gene, cosuppression and antisense 
techniques may be utilized, representatively. As to co- 
suppression, when a recombinant gene is introduced in- 
to a plant cell, the expression of both the gene itself and 
an endogenous gene including a sequence homologous 
to part of that gene are suppressed. When cosuppres- 
sion is utilized, an expression cassette according to the 
present Invention Includes DNA encoding a transcrip- 
tion factor or a fragment thereof in the fomri linked In a 
forward direction with respect to the promoter. After 
DNA encoding a transcription factor or a fragment there- 
of Is introduced into a plant ceil as an expression cas- 
sette, the DNA or fragment thereof can be transcribed 
in the sense direction under control of the promoter. Due 
to the action of the introduced DNA, it is possible to sup- 
press the targeted gene expression, Cosuppression can 
be observed in some transfomned plant individuals, but 
mostly, cosuppression does not occur sufficiently in oth- 
er Individuals. Therefore, typically, individuals In which 
gene expression is suppressed in an intended manner 
are screened with routine procedures. 
[0044] Antisense means that when a recombinant 
gene is introduced into a plant celt, the transcribed prod- 
uct (mRNA) of the introduced gene forms a hybrid with 
the complementary sequence of the transcribed product 
(mRNA) of an endogenous gene so that the translation 
of a protein encoded by the endogenous gene is inhib- 
ited. When antisense is utilized, the expression cassette 
of the present invention includes DMA encoding a tran- 
scription factor or a fragment thereof in the form linked 
in a reverse direction with respect to the promoter After 
DNA encoding a transcription factor or a fragment there- 
of is introduced into a plant ceil as an expression cas- 
sette, the DNA or fragment thereof may be transcribed 
in the antisense direction under control of the promoter. 
Due to the action of the antisense transcripts, it is pos- 
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sible to suppress the expression of the targeted gene. 

(Promoters derived fronn ZPT3-1 and 2PT4-1 genes) 

[0045] A promoter useful In a method for producing a 5 
plant having a modified trait according to the fourth and 
fifth aspects of the invention is a promoter which in- 
cludes any of (a*) DNA having a sequence from position 
1 to position 2624 of a base sequence indicated by SEQ 
ID NO: 7; (a") DNA having a sequence from position 1 
to position 3631 of a base sequence indicated by SEQ 
ID NO: 8; and DNA having a part of the sequences (a*) 
or (a") and which exhibits promoter activity specific to 
microspores. The above-described promoter of the 
present invention is preferably the promoter of (a') or 
(a"), I.e., the promoter for the ZPT3-1 or ZPT4-1 gene. 
[0046] A sequence having promoter activity specific 
to microspores, which Is obtained by removing a se- 
quence which is not essential for tissue-specific expres- 
sion activity from the promoter regions for the ZPT3-1 
and ZPT4-1 genes, falls within the scope of the present 
invention. Such a sequence can be obtained by con- 
ducting a promoter deletion experiment in accordance 
with a commonly used method. Briefly, a plasmid ob- 
tained by fusing various promoter region deletion mu- 
tants of the ZPT3-1 or ZPT4-1 gene (e.g., mutants ob- 
tained by deleting the promoter region from the 5' up- 
stream side of the ZPT3-1 or 2PT4-.1 gene in various 
lengths), and an appropriate reporter gene (e.g.. the 
GUS gene) can be used to measure the tissue-specific 
promoter activity of the deletion mutants, thereby Iden- 
tifying a region essential for the activity. 
[0047] Once the region essentia! for the promoter ac- 
tivity is Identified, it Is possible that a sequence within or 
adjacent to the region Is modified so that the magnitude 
of the expression activity of the promoter is increased. 
The thus-obtained variants also fall within the present 
invention as long as the variants exhibit promoter activ- 
ity specific to microspores. 

[0048] In the present Invention, "exhibit promoter ac- 
tivity specific to microspores" means that the ability of a 
promoter to initiate the transcription of DNA to direct 
gene expression in a naturally-occumng plant or a plant 
to which the promoter Is introduced as an expression 
cassette in which the promoter Is linked to an arbitrary 
structural gene, is exhibited specifically in microspores. 
Here, "specific" means that the expression activity of a 
promoter is higher than in all the other tissues of the 
flower of the same plant (including tapetum layer, fila- 
ment, style, capitulum . petal, calyx, and the like; note 
that the dehiscence tissue of the anther is excluded). 
The above-described specific promoter preferably has 
an expression activity In microspores, higher than the 
expression activity in all the other tissues of the flower 
and portions other than the flower of the same plant 
(roots, leaves, stems, and the like). More preferably, the 
specific promoter exhibits substantially no activity in all 
the other tissues of the flower and portions other than 



the flower of the same plant. "Exhibit the promoter ac- 
tivity specific to the dehiscence tissue of the anther" Is 
defined in a mannersimilarto that described above. The 
magnitude of expression activity may be evaluated by 
comparing the expression level of a promoter in micro- 
spores with the expression level of the same promoter 
in other flower tissues in accordance with a commonly 
used method. The expression level of a promoter is typ- 
ically determined by the production amount of the prod- 
ucts of a gene expressed under control of the promoter 
[0049] The above-described method of the present in- 
vention utilizing a specif ic promoter is Intended to modify 
a trait related to reproduction of a plant. "Modify" means 
that at least a portion of the reproductive organ of a post- 
transformation plant loses a function which existed in 
the pre-transfomnation plant (wild type or horticulture 
breed), acquires a function which did not exist In the pre- 
transfomnation plant, or has an increased or decreased 
level of particular function as compared to the pre-trans- 
fomnation plant. Such modification of a trait can be 
achieved as a result of the microspore-specific expres- 
sion of any heterologous gene operatlvely linked to the 
promoter of the present invention under the control of 
the promoter In a transfomned plant Into which the gene 
has been introduced. It is well known that in a number 
of tissue-specific promoters, the tlssue-speclficlty Is 
conserved among species. Therefore, It is easily under- 
stood that the promoter of the present Invention can be 
applied to a wide variety of plant species. The degree 
of trait modification may be evaluated by comparing the 
trait of a post-transfomnatlon plant with the trait of the 
pre-transfomnation plant. As a preferable trait to be mod- 
ified, female sterility and self-incompatibility are illustrat- 
ed, but such a trait is not limited to these, 
[0050] For example, the promoter of the present In- 
vention can be obtained by screening the genomic li- 
brary of a plant using known cDNA as a probe, and iso- 
lating an upstream sequence of a coding region from 
the corresponding genomic clone. As an example of cD- 
NA, cDNA of the above-described transcription factors 
derived from Petunia, ZPT3-1 and ZPT4-1 , are illustrat- 
ed. 

[0051] The promoter of the present Invention is not 
limited to that isolated from the nature, but may include 
synthesized polynucleotides. For example, synthesized 
polynucleotides may be obtained by synthesizing or 
modifying the sequence of a promoter sequenced as de- 
scribed above or an active region thereof with a method 
well-known to those skilled in the art. 

(Construction of expression cassette and expression 
vector) 

[0052] DNA encoding the transcription factor of the 
present invention can be introduced into plant cells as 
an expression cassette. In which the DNA Is operatlvely 
linked to an appropriate promoter using a method well 
known to those skilled in the art, with a known gene re- 
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combinant technique. Similarly, the microspore-spedfic 
promoter of the present Invention can be introduced into 
plant cells as an expression cassette in which the pro- 
moter Is operatively linked to a desired heterologous 
gene. 

[0053] A "promoter" which can be linl<ed to the above- 
described transcription factor means any promoter 
which expresses in plants, including any of a constitutive 
promoter, a tissue-specific promoter, and an Inducible 
promoter. 

[0054] "Constitutive promoter refers to a promoter 
which causes a structural gene to be expressed at a cer- 
tain level irrespective of stimuli inside or outside plant 
cells. When a heterologous gene is expressed in other 
tissues or organs of a plant and a plant is not given an 
undesired trait, use of a constitutive promoter is simple 
and preferable. As examples of such a constitutive pro- 
moter, 35S promoter (P35S) of cauliflower mosaic virus 
(CaMV), and the promoter for nopaline synthase (Tnos) 
are illustrated, but the constitutive promoter is not limited 
to these. 

[0055] In the present invention, "tissue-specific pro- 
moter" refers to a promoter which causes a structural 
gene to be expressed specifically in at least micro- 
spores. Such a tissue-specific promoter includes the 
promoters derived from ZPT3-1 and ZPT4-1 genes of 
the present Invention and, in addition, other known pro- 
moters having anther-specific expression activity. 
Therefore, use of an expression cassette of the natural- 
ly-occurring ZPT3-1 and 2PT4-1 genes comprising a 
microspore-specific promoter and a sequence encoding 
a transcription factor optionally combined with another 
regulatory element, falls within the present Invention. 
[0056] "Inducible promoter" refers to a promoter 
which causes a structural gene to be expressed In the 
presence of a particular stimulus, such as chemical 
agents, physical stress, and the like, and which does not 
exhibit expression activity in the absence of the stimu- 
lus. As an example of such an inducible promoter, a glu- 
tathione S-transferase (GST) promoter which can be In- 
duced by auxin (van der Kop, D. A. et al.. Plant Mol. 
Biol., 39:979. 1999) is illustrated, but the inducible pro- 
moter is not limited to this. 

[0057] In the present specification, the term "expres- 
sion cassette" or "plant expression cassette" refers to a 
nucleic acid sequence Including DNA encoding the tran- 
scription factor of the present invention and a plant ex- 
pression promoter operatively (i.e., in such a manner 
that can control the expression of the DNA) linked to the 
DNA, and a nucleic acid sequence including the micro- 
spore-specific promoter of the present invention and a 
heterologous gene operatively (i.e., in-frame) linked to 
the promoter. 

[0058] "Heterologous gene" which may be linked to 
the above-described microspore-specific promoter re- 
fers to any of endogenous genes of Petunia other than 
the ZPT3-1 and ZPT4-1 gene, endogenous genes in a 
plant other than Petunia, or genes exogenous to plants 



(e.g. , genes derived from animals, insects, bacteria, and 
fungi), where the expression of products of such a gene 
are desired in microspores. A preferable example of 
such, a heterologous gene In the present Invention Is a 

5 gene which encodes a cytotoxic gene product and 
whose expression inhibits the development of pollen. As 
a specific example of such a gene, the barnase gene 
(Beals, T P and Goldberg, R. B., Plant Cell, 9:1527, 
1997) is illustrated, but the present Invention is not lim- 

10 ited to this. 

[0059] "Plant expression vector" refers to a nucleic 
acid sequence including an expression cassette and, in 
addition, various regulatory elements linked to the cas- 
sette in such a manner that the regulatory elements can 

15 be operated in host plant cells. Preferably, such a plant 
expression vector may include a terminator, a drug-re- 
sistant gene, and an enhancer. It Is well known matter 
to those skilled in the art that the types of plant expres- 
sion vectors and the types of regulatory elements used 

20 may be varied depending on host cells. Plant expression 
vectors used in the present invention may further have 
a T-DNA region. The T-DNA region increases the effi- 
ciency of gene introduction, particularly when Agrobac- 
terium Is used to transfomn a plant. 

25 [0060] 'Temriinator" is a sequence which Is located 
downstream of a region encoding a protein of a gene 
and which is involved in the tennination of transcription 
when DNA is transcribed into mRNA, and the addition 
of apolyA sequence. It is known that a temriinator con - 

30 tributes to the stability of mRNA, and has an influence 
on the amount of gene expression. As examples of such 
a temriinator, the terminator for the nopaline synthase 
gene (Tnos), and the 35S terminator of cauliflower mo- 
saic virus (CaMV) are illustrated, but the terminator is 

35 not limited to these, 

[0061] "Drug-reslstant-gene" is desirably one that fa- 
cilitates the selection of transfomned plants. The neomy- 
cin phosphotransferase II (NPTIl) gene for conferring 
kanamycin resistance, and the hygromycin phospho- 

40 transferase gene for conferring hygromycin resistance 
may be preferably used, but the drug-resistant gene is 
not limited to these. 

[0062] The plant expression vector of the present in- 
vention may be prepared using a gene recombinant 
"fs technique well known to those skilled in the art. A plant 
expression vector is constructed, for example, prefera- 
bly using pBI-type vectors or pUC-type vectors, but the 
plant expression vector is not limited to these. 

50 (Production of transformed plant) 

[0063] The thus-constructed expression cassette, or 
an expression vector including the expression cassette, 
may be introduced into desired plant ceils using a known 
55 gene recombinant technique. The introduced expres- 
sion cassette is present to be integrated into DNA in a 
plant cell. It should be noted that DNA in a plant cell 
Includes not only chromosome but also DNA included 
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in various organelles Included In a plant cell (e.g., a mi- 
tochondria, and achloroplast). 

[0064] In the present specification, the term "plant" in- 
cludes any of monocotyledons and dicotyledons. Pref- 
erable plants are dicotyledons. Dicotyledons include s 
any of Archichlamiidae and Sympetalidae. A preferable 
subclass is Sympetalidae. Sympetalidae Includes any 
of Gentianaies. Solanaies, Lamlales, Callitrlchales, 
Plantaginales, Campanulales, Scrophulariales, Rubi- 
ales, Dipsacales, and Asterales. A preferable order is io 
Solanales. Solanales includes any of Solanaceae, Hy- 
drophyllaceae, Polemoniaceae, Cuscutaceae, and 
Convolvulaceae. A preferable family is Solanaceae. 
Solanaceae includes Petunia, Datura. Nicotiana, Sola- 
num. Lycopersicon, Capsicum, Physalis, Lycium, and is 
the like. Preferable genera are Petunia, Datura, and 
Nicotiana, and more preferably Petunia. The genus Pe- 
tunia includes the following species: P. hybrida, P. axil- 
laris, P. inflata, P. violacea, and the like. A preferable 
species is P. hybrida. "Plant" means phanerogamic 20 
plants and seed obtained from the plants unless other- 
wise specified. 

[0065] As examples of "plant cells", cells in each tis- 
sue of plant organs, such as flowers, leaves, roots, and 
the like, callus, and suspension cultured cells are illus- 25 
trated. 

[0066] For the purpose of introduction of a plant ex- 
pression vector into a plant cell, a method well known 
to those skilled in the art, such as an indirect method 
using Agrobacterium, and a method for directly introduc- so 
Ing Into cells, can be used. As such an indirect method 
using Agrobacterium, for example, a method of Nagel 
et al. (FEIVIS IVlicrobiol. Lett., 67:325 (1990)) may be 
used. In this method, Initially, Agrobacterium is trans- 
formed with a plant expression vector (e.g., by electro- 35 
poration), and then the transformed Agrobacterium is in- 
troduced Into a plant cell with a well-known method, 
such as a leaf disk method and the like. As a method for 
directly introducing a plant expression vector into a cell, 
an electroporation method, particle gun, a calcium phos- ^^o 
phate method, a polyethylene glycol method, and the 
like are illustrated. These methods are well known in the 
art. A method suitable for a plant to be transfomried can 
be appropriately selected by those skilled in the art. 
[0067] Cells Into which a plant expression vector has « 
been introduced are screened for drug resistance, such 
as kanamycin resistance and the like, for example. A 
selected cell may be regenerated to a plant using a com- 
monly used method. 

[0068] Whether or not an introduced plant expression so 
vector is operative in a regenerated plant can be con- 
firmed with a technique well-known to those skilled in 
the art. For example, in the case where suppression of 
the expression of an endogenous gene is intended, 
such confirmation can be conducted by measuring the ss 
level of transcription with Northern blot analysis, in this 
manner, a desired transformed plant in which the ex- 
pression of an endogenous transcription factor is sup- 



pressed can be selected. Forthe purpose of the expres- 
sion of a heterologous gene using a tissue-specific pro- 
moter, the expression of the heterologous gene can be 
confimned usually by Northern blot analysis using RNA 
extracted from a target tissue as a sample. The proce- 
dures of this analysis method are well known to those 
skilled in the art. 

[0069] Whether or not the expression of an endog- 
enous transcription factor is suppressed in accordance 
with the method of the present invention so that pollen 
fertility is reduced can be confirmed, for example, by ob- 
serving the fomn of the pollen of a plant, which is trans- 
fomned by an expression vector including DNA encoding 
a transcription factor, with a microscope optionally after 
histochemically staining. 

[0070] Whether or not a promoter Is expressed spe- 
cifically in a microspore in accordance with the method 
of the present invention can be confirmed by, for exam- 
ple, histochemically stain ing flower tissues including the 
anther in a plant transformed with an expression vector. 
In which a promoter Is operatively linked to the GUS 
gene, by a commonly used method to detect the distri- 
bution of GUS activity. 

(Examples) 

[0071] Hereinafter, the present invention will be de- 
scribed based on examples. The scope of the present 
Invention Is not limited to the examples only. Restriction 
enzymes, plasmids, and the like used in the examples 
are available from commercial sources. 

(Example 1 : Construction of plant expression vector 
including polynucleotide encoding ZPT transcription 
factors) 

[0072] Out of the previously reported anther-specific 
ZF genes (Kobayashi et al., above), cDNAs of PEThy 
ZPT2-5 (ZPT2-5). PEThy ZPT3-1 (ZPT3-1), and PEThy 
ZPT4-1 (ZPT4-1) were each linked downstream of the 
35S promoter of the cauliflower mosaic virus to prepare 
a plant expression vector. This preparation will be spe- 
cifteally described below. 

(Example 1-1) 

[0073] DNA fragments including the cauliflower mo- 
saic virus 35S promoter (Hindlll-Xbal fragment) and 
DNA fragments Including the NOS terminator (Sad- 
EcoRI fragment) inplasmid pB1221 (purchased from 
CLONTECH Laboratories Inc.) were successively in- 
serted into the multi-cloning site of plasmid pUCAP (van 
Engelen, F. A. et al., Transgenic Res., 4:288, 1995) to 
prepare pUCAP35S. A pBluescript vector including cD- 
NA of ZPT2-5 was cleaved at Kpnl and SacI sites (either 
Is a site within the vector), and Inserted between Kpnl 
and SacI sites of the above-described pUCAP35S. Fur- 
ther, this recombinant plasmid was cleaved with EcoRl 
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and Hindlll, and a DNAfragnnent encoding ZPT2-5 was 
inserted between EcoRI and Hindlll sites of binary vec- 
tor pBINPLUS (van Engelen, F. A. et al., above). As 
shown in Figure 4(a), the constructed ZPT2-5 gene 
comprises the 35S promoter region (P35S; 0.9 }<b) of 
caullfiower mosaic virus (Cal\/lV), a polynucleotide 
(2PT2-5; about 0.8 kb) encoding ZPT2-5 of the present 
invention, and the terminator region of nopaline syn- 
thase (Tnos; 0.3 kb). Pnos in Figure 4 indicates the pro- 
moter region of nopaiine synthase, and NPTII indicates 
the neomycin phosphotransferase II gene. 

(Example 1-2) 

[0074] A pBluescrlpt vector Including cDNA of 2PT3-1 
was cleaved at Kpnl site and Saci site (either is a site 
within the vector), and inserted between Kpni and Saci 
sites of pUCAP35S. Further, this recomblnaint plasmid 
was cleaved with EcoRI and Hindlll, and a DNA frag- 
ment encoding ZPT3-1 was Introduced between EcoRI 
and Hindlll sites of binary vector pBINPLUS. As Is ap- 
parent from Figure 4(b), the constmcted 2PT3-1 gene 
comprises the 35S promoter region (P35S; 0.9 kb) of 
cauiifiower mosaic virus (CalS/IV), a poiynucieotlde 
(2PT3-1 ; about 1 .7 kb) encoding ZPT3-1 of the present 
invention, and the terminator region (Tnos; 0.3 kb) of 
nopaline synthase. 

(Example 1-3) 

[0075] A pBiuescript vector inciuding cDNA of 2PT4-1 
was cleaved at Kpnl site and Saci site (either is a site 
within the vector), and inserted between Kpnl and Saci 
sites of the above-described pUCAP35S. Further, this 
recombinant plasmid was cleaved with EcoRI and Hin- 
dlll, and a DNA fragment encoding ZPT4-1 was Intro- 
duced between EcoRi and Hindlll sites of binary vector 
pBINPLUS. As is apparent from Figure 4(c), the con- 
structed ZPT4-1 gene comprises the 35S promoter re- 
gion (P35S; 0.9 kb) of cauliflower mosaic virus (CaMV), 
a polynucleotide (ZPT4-1; about 2.0 kb) encoding 
ZPT4-1 of the present invention, and the temninator re- 
gion (Tnos; 0.3 kb) of nopaline synthase. 

(Example 2: isolation of 2PT3-1 and ZPT4-1 promoter 
regions and linkage to GUS reporter gene) 

[0076] cDNAs of ZPT3-1 and ZPT4-1 were used as 
probes to isolate corresponding genomic clones from 
the genome DNA library of Petunia, DNA fragments 
"(promoter region; about 2.7 kb and about 3.6 kb) up- 
stream of the transcription initiation site were subcloned. 
Each DNA fragment was linked upstream of the GUS 
reporter gene and cloned into a binary vector. This prep- 
aration will be specifically described below. 



(Example 2-1) 

[0077] cDNA of ZPT3-1 was labeled with [a-32p] 
dCTP using a commonly used random priming method 
5 (Sambrook et al., above) to prepare a radiolabeled 
probe. With this probe, a genomic library of Petunia (Pe- 
tunia hybrlda var. Mitchell) prepared within EMBL3 vec- 
tor (manufactured by Stratagene) was screened. A ge- 
nome DNA fragment (Pstl-Saci) of about 2.7 kb includ- 
10 ing the upstream region of the gene from the resultant 
clone was subcioned at Psti-SacI site of pBiuescriptSK 
vector (pBS-ZPT3-1-PS), followed by sequencing (Fig- 
ures). Next, this plasmid was used as a template to con- 
duct PGR using a primer including a Sail recognition se- 
15 que nce (3' -TATGGAGCTCGTCGACAG TTGATGGT- 
TCAI i I i i CTGGCTATTGTC-5'; SEQ ID NO: 11) and a 
commercially available iVJ13-20 primer, so that Sail site 
was introduced Immediately downstream of the initiation 
site of translation of the ZPT3-1 protein (base position: 
20 2661). Thereafter, a DNA fragment cleaved with Psti 
and Sail was inserted upstream of the GUS coding re- 
gion of pUCAPGUSNT (PUCAP-ZPT3-1-GUSNT). 
Therefore, the ZPT3-1 gene was connected to the GUS 
coding region in frame at a region near the N temiinus 
25 of the coding region oftheZPT3-1 gene. Further, a DNA 
fragment obtained by cleaving pUCAP-ZPT3-1 -GUSNT 
with Ascl and Pad (including the ZPT3-1 promoter, the 
GUS coding region and the NOS terminator) was insert- 
ed into pBINPLUS vector to obtain pBiN-ZPT3-1-GUS 
30 (Figure 7(a)). 

(Example 2-2) 

[0078] As to ZPT4-1 , similarly, genomic DNA was iso- 

35 lated, and a DNA fragment (EcoRI-EcoRI) of about 3.6 
kb including an upstream region of the ZPT4-1 gene was 
subcioned at the EcoRi-EcoRI site of pBiuescriptSK 
vector (pBS-ZPT4-1-EE), followed by sequencing (Fig- 
ure 6). This plasmid was used as a template to conduct 

40 PGR using a primer Including a BamHI recognition se- 
quence (3'-GATGGATATAGGATGGTATATG-5'; SEQ ID 
NO: 12) and Ml 3-20 primer, so that BamHI site was in- 
troduced immediately downstream of the initiation site 
of translation of the ZPT4-1 protein (base position: 

45 3641 ). Thereafter, a DNA fragment cleaved with EcoRI 
and BamHI was inserted upstream of the GUS coding 
region of pUGAPGUSNT (pUGAP-ZPT4-1-GUSNT). 
Therefore, the ZPT4-1 gene was connected to the GUS 
coding region in frame at a region near the N tenninus 

50 of the coding region of the ZPT4-1 gene. Further, a DNA 
fragment (Ascl-Paci) was inserted into pBiNPLUS vec- 
tor to obtain pBiN-ZPT4-1 -GUS in a manner similar to 
that described above (Figure 7(b)). 

55 (Example 3: Introduction of each fusion gene into 
Petunia cells) 

[0079] Each of the above-described expression vee- 
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tors was introduced via Agrobacterium into Petunia (Pe- 
tunia hybrida van Mitciiell) with the following proce- 
dures. 

(1) Agrobacterium tumefaciens LBA4404 strain 
(purchased from CLONTECH Laboratories Inc.) 
was cultured at 28**C in L medium containing 
250mg/ml of streptomycin and 50mg/ml of ri- 
fampicin. Cell suspension was prepared in accord- 
ance with the method of Nagel et al. (1 990) (above). 
The plasmid vector constructed in Examples 1 and 
2 were introduced into the above-described strain 
by electroporatlon. 

(2) A polynucleotide encoding each fusion gene 
was Introduced into Petunia cells using the follow- 
ing method: the Agrobacterium tumefaciens 
LBA4404 strain obtained In the above-described (1 ) 
was shal<e-cultured (28*'C, 200 rpm) in YEB medi- 
um (DNA Cloning, Vol. 2, page 78, Glover D. M. Ed., 
IRL Press, 1985). The resultant culture was diluted 
with sterilized water by a factor of 20, and cocul- 
tured with leaf pieces of Petunia (Petunia hybrida 
var. Mitchell). After 2 to 3 days, the above-described 
bacterium was removed in medium containing an- 
tibiotics. The Petunia cells were subcultured with 
selection medium every two weeks. The trans- 
formed Petunia cells were selected based on the 
presence or absence of kanamycin resistance due 
to the expression of the NPTII gene derived from 
pBINPLUS which had been introduced along with 
the above-described five fusion genes. The select- 
ed cells were induced into callus with a commonly 
used method. The callus was redifferentlated into a 
plant (Jorgensen R. A. et al.. Plant Mol. Biol., 31: 
957,1996). 

(Example 4: Phenotype of transfonmed Petunia into 
which ZPT genes are introduced) 

[0080] The transfomnants obtained by introducing the 
vector of Example 1 were used to observe change in the 
form of pollen in association with the control of the ex- 
pression of ZPT2-5, ZPT3-1 and 2PT4-1 , so that the in- 
fluence of the introduced cDNA of these ZPT genes on 
plants were studied. This study will be described below 
in detail. 

(Example 4-1) 

[0081] From transfomriants (14 individuals) into which 
cDNA of ZPT2-5 had been introduced under the control 
of a 35S promoter, individuals (3 individuals) in which 
gene expression was suppressed by cosuppression 
were selected by Northern blot analysis (note that over 
expression of the ZPT2-5 gene introduced was ob- 
served in four individuals out of the 14 Individuals). The 
conditions of the Northern blot analysis were the follow- 



20 

ing: hybridization was conducted in a solution containing 
7% SDS, 50%fomiamide, 5XSSC. 2% blocking reagent 
(manufactured by Boehringer Mannheim), 50 mM sodi- 
um phosphate buffer (pH 7.0), 0.1% sodium lauryl sar- 
5 cosine, 50 ^g/ml of yeast tRNA, and 32p.|abeled probe 
DNA (1X107 cpm) at 68"C for 16 hours, followed by 
washing with 2xSSC/0.1% SDS at 68'»Cfor30 minutes. 
[0082] In the above-described three cosuppression 
transformants, the following phenotypes were observed 
(Figure 8). 

[0083] In the melosis process which occurs immedi- 
ately before the tetrad stage, In the case of normal (wild 
type) Petunia, chromatin is condensed into thin thread- 
like structures (prophase I: leptotene), and synapsis of 

^5 homologous chromosomes occurs (prophase I: zygo- 
tene). Thereafter, in metaphase I, chromosome tetrad 
align along the equatorial plane of the cells, and there- 
after the homologous chromosomes are equally sepa- 
rated to the opposite poles of the cells by the spindle 

20 apparatus. In the transfomnant having cosuppression of 
the ZPT2-5 gene, the separation of the chromosomes 
to the poles proceeded while chromosome tetrad did not 
align along the equatorial plane in metaphase 1. The di- 
vision of the chromosomes to the poles was significantly 

25 unbalanced. 

[0084] In the nomnal process of meiosls, after the 
above-described first separation of the chromosomes, 
second separation of the chromosomes forms four hap- 
loid groups. Thereafter, separation of cytoplasm occurs. 

50 In the case of the above-described transformant having 
cosuppression, separation of cytoplasm and cell divi- 
sion occurred Immediately after the first separation of 
chromosomes. This unbalanced cell division occurred 
not only at a single time but also further repeated at least 

35 two times, so that 8 microspore cells were formed at the 
most. Due to the unbalanced separation of chromo- 
somes, the number of chromosomes Included in the mi- 
crospore cells was unequal and, in addition, the size of 
the cells was significantly unequal. As a result, during 

40 the stage corresponding to the tetrad stage of normal 
Petunia, a more number of microspores (8 or less) than 
nomnal were formed in these transformants (Figure 8(f): 
a photograph of pollen cells of the ZPT2-5 cosuppres- 
sion transformant in the bud having a size of 6 mm. 

45 [0085] Further, Figure 9(b); see a photograph of pol- 
len cells of the transfomnant in the tetrad stage). 
[0086] In the cosuppression transfonnants, a part of 
the microspores (1 0-20%) still continued to develop, but 
most microspore celis burst before a callose layer en- 

50 veloping the microspore was degraded. In this stage, 
the microspores which did not burst and survived were 
in the abnomnal form of substantially a hexahedron, 
which was clearly different from the tetrahedron form of 
normal microspores. Thereafter, the abnomnal-form ml- 

55 crospores became binuclear due to seemingly normal 
mitosis to fomi pollen grains. However, most of these 
pollen grains lost fertility. Specifically, when the pollen 
grains of these transfonnants were placed on the pistil 
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of normal Petunia, no or few seeds were foimed from 
pollen of the three strains exhibiting cosuppresslon 
(1 0% or less, i.e., the number of seeds produced by one 
Petunia Is 1 0% of control as the average of about 1 0 
flowers). For pollen from three transfomnant strains with- 
out cosuppresslon, normal seed formation was con- 
firmed similar to wild type control plants. 
[0087] The above-described cosuppresslon trans- 
fonmant also exhibited abnomnaiity in fomiation of fe- 
male gametophyte, and female fertility was reduced to 
25-35% of that of normal individuals. Specifically, the 
development of an ovule (female gametophyte) was 
seemingly nomnai, but when wild type pollen was used 
for pollination, the majority of ovules could not be ferti- 
lized and even fertilized ovules exhibited abnormality In 
the subsequent developement, so that most ovules 
aborted. In this case, the transfonnants without cosup- 
presslon fonned nomnai female gametophytes simliarto 
wild type control plants. 

(Example 4-2) 

[0088] cDNA of ZPT3-1 was introduced under the 
control of the 35S promoter. As a result, a trait change 
similar to when the ZPT2-5 gene was introduced ap- 
peared in three individuals out of 15 individuals (Figure 
9). Specif icaliy, in these transformants, substantially the 
same abnormality as that of ZPT2-5 were observed In 
the process of meiosis. The number of cells which de- 
veloped up to the microspore stage was very small, and 
surviving microspores exhibited morphological abnor- 
mality (hexahedron). Further, matured pollen grains lost 
fertility. However, unlike ZPT2-5, the female fertility of 
these individuals was not affected. 
[0089] Gene expression was analyzed with the North- 
ern blot method under the same conditions as those in 
Example 4-1. As a result, in individuals into which the 
ZPT3-1 gene was introduced, gene expression was 
suppressed both for ZPT3-1 and ZPT4-1 . Both genes 
share a high level of structural similarity. Specifically, the 
homology of the base sequence In the entire coding re- 
gion is 37%. When the second ZF region of ZPT3-1 and 
the third ZF region of ZPT4-1 , and the third ZF region of 
ZPT3-1 and the fourth ZF region of ZPT4-1 , Including 
neighboring sequences, are respectively compared with 
each other at the base sequence level In such a manner 
that the homology value is maximized, the average of 
the homology Is 86% (the comparison of the sequences 
was conducted using the Clustal V program) . Therefore, 
it is highly likely that the above-described expression 
suppressing phenomenon is caused by the introduction 
of one gene leading to the suppression of the expression 
of two genes (cosuppresslon). This suggests that the 
functions of these two genes overlap, and is consistent 
in that by the introduction of either gene, a common 
change in a phenotype could be observed. 



(Example 4-3) 

[0090] cDNA of ZPT4-1 was introduced under the 
control of the 35S promoter. As a result, a trait change 

5 similar to when the ZPT2-5 gene was introduced ap- 
peared in two individuals out of 13 individuals. Specifi- 
cally, in these transformants, substantially the same ab- 
normality as that of ZPT2-5 were observed in the proc- 
ess of meiosis. The number of cells which developed up 

10 to the microspore stage was very small, and surviving 
microspores exhibited morphological abnormality (hex- 
ahedron). Further, most matured pollen grains lost fer- 
tility. However, simliarto ZPT3-1, the female fertility of 
these individuals was not affected. For the above-de- 

15 scribed reasons, in this example, it Is also highly likely 
that gene expression was suppressed for both ZPT3-1 
and ZPT4-1 (cosuppresslon). 

[0091] As described above, by introducing a gene en- 
coding ZPT2-5, ZPT3-1 or ZPT4-1 , the development of 
20 pollen can be inhibited and the fertility can be eliminated 
with excellent efficiency (99% or more for ZPT3-1 , and 
90% or more for ZPT2-5 and ZPT4-1 ). The introduction 
of these genes may be useful for a selective trait trans- 
formation technique since the effects of the genes are 
25 specific to pollen (pollen and female gametophyte in the 
case of ZPT2-5) and the other traits of plants are not 
affected. 

(Example 5: Tissue specificity of promoter activity of 
30 ZPT3-1 andZPT4-1) 

[0092] The tissue-specific promoter activity of the 
above-described DN A fragments was detected by his- 
tochemical staining with GUS activity using the trans- 
35 formants obtained by introducing the vector in Example 
2. This will be described below in detail. 

(Example 5-1) 

40 [0093] The flowers of the transformants obtained by 
Introducing a fusion gene of the upstream region of the 
2PT3-1 gene with GUS were used to study the distribu- 
tion of GUS activity using X-GUS as a substrate (Gal- 
lagher, S. R. Ed., GUS protocols: using the GUS gene 
45 as a reporter of gene expression, Academic Press, Inc., 
pp. 103-114, 1992). As a result, GUS activity was de- 
tected specifically in microspores in the uninucleate 
stage (Figures 10(a) through (c)). 



[0094] The flowers of the transfonnants obtained by 
introducing a fusion gene of the upstream region of the 
ZPT4-1 gene with GUS were used to study the distribu- 
55 tion of GUS activity in a manner similar to that described 
above. As a result, GUS activity was observed specifi- 
cally In microspores and the dehiscence tissue of an- 
thers from the uninucleate stage to the binucleate stage 
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(Figure 10(d) through (f); the dehiscence tissue of an- 
thers was indicated by an arrow in Figure 1 0(e) and (f)). 
[0095] As described above, the promoters for the 
ZPT3-1 and ZPT4-1 genes exhibit activity specifically in 
microspores In the uninucleate stage (ZPT3-1) and mi- s 
crospores from the uninucleate stage to the binucieate 
stage (2PT4-1), respectively. The promoter for the 
ZPT4-1 gene also exhibits activity speciflcaiiy in the de- 
hiscence tissue of anthers from the uninucleate stage 
to the binucieate stage. 

[0096] Microspores are precursor cells which will be 
subsequently matured to fomi pollen grains. Therefore, 
these promoters are useful as a tool for detailed re- 
search on the development of pollen. Further, these pro- 
moters or active fragments thereof can be used to cause 
a cytotoxic gene or the like to be expressed specifically 
in microspores to abort pollen cells or eliminate the func- 
tions thereof, whereby the development of pollen can 
be directly and efficiently controlled. 

INDUSTRIAL APPLICABILITY 

[0097] The method of the present invention utilizing 
DNA encoding transcription factors derived from the 
ZPT2-5, ZPT3-1 and ZPT4-1 genes, and promoters de- 
rived from the ZPT3-1 and ZPT4-1 genes is useful as a 
technique for selectively modifying the trait of a plant 
using a genetic engineering method, particularly a tech- 
nique for conferring male sterility. 



Claims 

1. A method for producing a male sterile plant, com- 
prising the steps of: 

providing a jslant expression cassette including: 
a nucleic acid being any of (i) DNA having a 
sequence from position 1 to position 777 of a 
base sequence Indicated by SEQ ID NO: 1 , (11) 
DNA hybridizing the DNA having the base se- 
quence (i) under stringent conditions and en- 
coding a transcription factor controlling the de- 
velopment of pollen, and (iii) a DNA fragment 
of (i) or (il); and a promoter operatively linlced 
to the nucleic acid; 

providing plant cells having an endogenous 
transcription factor controlling the development 
of pollen, wherein a gene encoding the endog- 
enous transcription factor hybridizes the nucle- 
ic acid under stringent conditions; 
introducing the expression cassette into the 
plant cells; 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants; and 

screening the regenerated plants for one in 
which the nucleic acid is expressed so that ex- 



pression of the endogenous transcription factor 
is suppressed, 

wherein the DNA of (ii) does not include (iv) 
DNA hybridizing DNA having a sequence from po- 
sition 1 to position 1886 of a base sequence indi- 
cated by SEQ ID NO: 13 under stringent conditions 
and encoding a transcription factor controlling the 
development of pollen. 

2. A method for producing a male sterile plant, com- 
prising the steps of: 

providing a plant expression cassette including: 
a nucleic acid being any of (i') DNA having a 
sequence from position 1 to position 1640 of a 
base sequence Indicated by SEQ ID NO: 3, (ii') 
DNA hybridizing the DNA having the base se- 
quence (i') under stringent conditions and en- 
coding a transcription factor controlling the de- 
velopment of pollen, and (iii') a DNA fragment 
of (i') or (ii'); and a promoter operatively [inl<ed 
to the nucleic acid; 

providing plant cells having an endogenous 
transcription factor controlling the development 
of pollen, wherein a gene encoding the endog- 
enous transcription factor hybridizes the nucle- 
ic acid under stringent conditions; 
Introducing the expression cassette into the 
plant cells; 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants; and 

screening the regenerated plants for one in 
which the nucleic acid is expressed so that ex- 
pression of the endogenous transcription factor 
is suppressed, 

wherein the DNA of (ii') does not include (iv) 
DNA hybridizing DNA having a sequence from po- 
sition 1 to position 1886 of a base sequence indi- 
cated by SEQ ID NO: IS.under stringent conditions 
and encoding a transcription factor controlling the 
development of pollen. 

3. A method for producing a male sterile plant, com- 
prising the steps of: 

providing a plant expression cassette including: 
a nucleic acid being any of (i") DNA having a 
sequence from position 1 to position 1948 of a 
base sequence indicated by SEQ ID NO: 5, (ii") 
DNA hybridizing the DNA having the base se- 
quence (i") under stringent conditions and en- 
coding a transcription factor controlling the de- 
velopment of pollen, and (ill") a DNA fragment 
of (I") or (11"); and a promoter operatively linked 
to the nucleic acid; 
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providing plant cells having an endogenous 
transcription factor controlling the development 
of pollen, wherein a gene encoding the endog- 
enous transcription factor hybridizes the nucle- 
ic acid under stringent conditions; 
Introducing the expression cassette Into the 
plant celts; 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants; and 

screening the regenerated plants for one in 
which the nucleic acid is expressed so that ex- 
pression of the endogenous transcription factor 
is suppressed, 

wherein the DNA of (ii") does not Include (iv) 
DNA hybridizing DNA having a sequence fronn po- 
sition 1 to position 1 886 of a base sequence indi- 
cated by SEQ ID NO: 13 under stringent conditions 
and encoding a transcription factor controlling the 
development of poilen. 



6. A method according to any of claims 1 through 3, 
wherein the plant is dicotyledon. 

7. A method according to claim 6, wherein the plant is 
of the family Solan aceae. 

8. A method according to claim 7, wherein the plant is 
of the genus Petunia. 

9. A method according to any of claims 1 through 3, 
wherein the expression cassette is incorporated in- 
to a plant expression vector. 

10. A male sterile plant produced by a method accord- 
ing to any of claims 1 through 9. 

11. A method for conferring male sterility to a plant, 
comprising the steps of: 

providing a plant expression cassette including: 
a nucleic acid being any of (i) DNA having a 
sequence from position 1 to position 777 of a 
base sequence Indicated by SEQ ID NO: 1 , (ii) 
DNA hybridizing the DNA having the base se- 
quence (i) under stringent conditions and en- 
coding a transcription factor controlling the de- 
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A method according to any of claims 1 through 3, 
wherein the nucleic acid is linked in a f onward direc- 
tion with respect to the promoter, and may be tran- 2s 
scribed in a sense direction In ceils of the plant. 



5. A method according to any of claims 1 through 3, 
wherein the nucleic acid is linked in a reverse direc- 
tion with respect to the promoter, and Is transcribed 
in a antisense direction in ceils of the plant. 



30 



35 



40 



45 



so 



veiopment of pollen, and (iii) a DNA fragment 
of (I) or (ii); and a promoter operatively linked 
to the nucleic acid; 

providing plant ceils having an endogenous 
transcription factor controlling the development 
of pollen, wherein a gene encoding the endog- 
enous transcription factor hybridizes the nucle- 
ic acid under stringent conditions; 
introducing the expression cassette into the 
plant celts; 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants; and 

screening the regenerated plants for one in 
which the nucleic acid is expressed so that ex- 
pression of the endogenous transcription factor 
is suppressed, 

wherein the DNA of (ii) does not include (iv) 
DNA hybridizing DNA having a sequence from po- 
sition 1 to position 1886 of a base sequence indi- 
cated by SEQ ID NO: 13 under stringent conditions 
and encoding a transcription factor controlling the 
development of pollen. 

12. A method for conferring male sterility to a plant, 
comprising the steps of: 

providing a plant expression cassette including: 
a nucleic acid being any of (i') DNA having a 
sequence from position 1 to position 1640 of a 
base sequence indicated by SEQ ID NO: 3, (ii') 
DNA hybridizing the DNA having the base se- 
quence (i') under stringent conditions and en- 
coding a transcription factor controlling the de- 
velopment of pollen, and (Iii') a DNA fragment 
of (i') or (ii'); and a promoter operatively linked 
to the nucleic acid; 

providing plant cells having an endogenous 
transcription factor controlling the development 
of pollen, wherein a gene encoding the endog- 
enous transcription factor hybridizes the nucle- 
ic acid under stringent conditions; 
introducing the expression cassette into the 
plant cells; 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants; and 

screening the regenerated plants for one in 
which the nucleic acid is expressed so that ex- 
pression of the endogenous transcription factor 
is suppressed, 

wherein the DNA of (il') does not include (iv) 
DNA hybridizing DNA having a sequence from po- 
sition 1 to position 1886 of a base sequence indi- 
cated by SEQ ID NO: 13 under stringent conditions 
and encoding a transcription factor controlling the 
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development of pollen. 

13. A method for conferring male sterility to a plant, 
comprising the steps of: 

providing a plant expression cassette including: 
a nucleic acid being any of (i") DNA having a 
sequence from position 1 to position 1 948 of a 
base sequence indicated by SEQ ID NO: 5, (ii") 
DNA hybridizing the DNA having the base se- 
quence (i") under stringent conditions and en- 
coding a transcription factor controlling the de- 
velopment of pollen, and (iii") a DNA fragment 
of (i") or (Ii"); and a promoter operatively linl<ed 
to the nucleic acid; 

providing plant cells having an endogenous 
transcription factor controlling the development 
of pollen, wherein a gene encoding the endog- 
enous transcription factor hybridizes the nucle- 
ic acid under stringent conditions; 
Introducing the expression cassette into the 
plant cells; 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants; and 

screening the regenerated plants for one In 
which the nucleic acid is expressed so that ex- 
pression of the endogenous transcription factor 
Is suppressed. 

wherein the DNA of (ii") does not include (iv) 
DNA hybridizing DNA having a sequence from po- 
sition 1 to position 1886 of a base sequence indi- 
cated by SEQ ID NO: 13 under stringent conditions 
and encoding a transcription factor controlling the 
development of pollen. 

14. A method for producing a plant having a modified 
trait, comprising the steps of: 

providing a plant expression cassette including: 
a promoter including any of (a') DNA having a 
sequence from position 1 to position 2624 of a 
base sequence indicated by SEQ ID NO: 7 and 
(b*) DNA having a part of the sequence of (a') 
and exhibiting promoter activity specific to mi- 
crospores; and a heterologous gene operative- 
ly linked to the promoter; 
introducing the expression cassette into plant 
cells; and 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants. 

15. A method for producing a plant having a modified 
trait, comprising the steps of: 

providing a plant expression cassette including: 
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a promoter including any of (a") DNA having a 
sequence from position 1 to position 3631 of a 
base sequence indicated by SEQ ID NO: 8 and 
(b") DNA having a part of the sequence of (a") 
and exhibiting promoter activity specific to mi- 
crospores and optionally the dehiscence tissue 
of an anther; and a heterologous gene opera- 
tively linked to the promoter;, 
introducing the expression cassette into plant 
cells; and 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants. 

16. A method according to claim 14 or 15, wherein the 
trait is fertility, and the plant having a modified trait 
is a male sterile plant. 

17. A method according to claim 14 or 15, wherein the 
trait is compatibility, and the plant having a modified 
trait is a self-incompatibile plant. 

18. A method according to claim 14 or 15, wherein the 
plant Is dicotyledon. 

19. A method according to claim 18, wherein the plant 
is of the family Solanaceae. 

20. A method according to claim 19, wherein the plant 
is of the genus Petunia. 

21 . A method according to claim 14 or 15, wherein the 
expression cassette is incorporated into a plant ex- 
pression vector. 



22. A trait-modified plant produced by a method accord- 
ing to any of claims 14 through 21 . 

23. A method for conferring male sterility to a plant, 
40 comprising the steps of: 



providing a plant expression cassette including: 
a promoter including any of (a') DNA having a 
sequence from position 1 to position 2624 of a 
base sequence indicated by SEQ ID NO: 7 and 
(b') DNA having a part of the sequence of (a') 
and exhibiting promoter activity specific to mi- 
crospores; and a heterologous gene operative- 
ly linlced to the promoter; 
introducing the expression cassette into plant 
cells; and 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants. 
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24. A method for conferring male sterility to a plant, 
comprising the steps of: 
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providing a plant expression cassette Including: 
a promoter Including any of (a") DNA having a 
sequence fronn position 1 to position 3631 of a 
base sequence indicated by SEQ ID NO: 8 and 
(b") DNA having a part of the sequence of (a") 5 
and exhibiting promoter activity specific to mi- 
crospores and optionally the dehiscence tissue 
of an anther; and a heterologous gene opera- : 
tively linked to the promoter; 
introducing the expression cassette into plant io 
cells; and 

regenerating the plant cells, into which the ex- 
pression cassette has been introduced, to 
plants. 

15 

25. A promoter comprising DNA of the following (I') or 
(II'): 

(1') DNA having a sequence from position 1 to 
position 2624 of a base sequence indicated by 20 
SEQ ID NO: 7 and (11') DNA having a part of the 
sequence of (!') and exhibiting promoter activity 
specific to microspores. 

26. A promoter, comprising DNA of the following (I" ) or 25 
(II"): 

(1") DNA having a sequence from position 1 to 
position 3631 of a base sequence indicated by 
SEC ID NO: 8 and (II") DNA having a part of 30 
the sequence of (I") and exhibiting promoter ac- 
tivity specific to microspores and optionally the 
dehiscence tissue of an anther. 

27. A plant expression cassette useful for conferring 35 
male sterility to a plant, comprising a promoter ac- 
cording to claim 25 or 26 and a heterologous gene 
operatively linl<ed to the promoter. 
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FIG,1 



atcaaaacca aaattocttt t±cacaccga. agaacagoct tagtatttca agaaaac 57 

atg gtg got eta tea acg aag aga gaa aga gaa gaa gat aac ttt tac 105 
Mert Val Ala Lea Sec Tta: Lys Acg Glu Arg da GOjq Asp Asa £tae 
15 10 15 



ago ata aoa acc atg gca aat tac ttg atg tta eta teg ego caa gca 153 
Ser He Ihr Use Mat Ala Asn 1^ Leu Met Lea Leu Ser Aiqg Gin Ala 
20 25 30 



aat gaa cat ttt gao aag aaa atg aao aao tea agt act agt cga gtt 201 
AsD Glu Bis H30 Asp Lys Lys Met Asn Asn Sec Seac Tac Ser Arg Val 
35 40 45 

tto gag tgo aag act tgt aat ego cag ttt tea tct ttt caa gca eta 249 

50 55 60 

ggt ggc cat aga gca agt cao aag aag oca aga tta atg gga gaa ttg 297 
Glv GIv ftrn m*!! Lya Lys Pro Acg £aa Mat Gly Gla Loi 

65 70 75 80 



cat aac ttg caa tta ttt eat gaa ttg cct aaa cgt act rff ^r ? gag 345 
His Asn Lea GGLn Leu Fhe HLs (Sbx Lea Pro Arg Lys IScac His Glu 
85 90 95 

tgc tec att tgt ggg ott gag ttc gcc att ggg caa get tta gga gga 393 
Cvs Ser IlB Ova Glv Leu Glu Phft Ala TXb Gi n Ala Lea Glv Gly 
100 105 110 

cat atg aga agg cat aga got gtg ata aat gat aat ctt caa get 441 
Hia Mart'teT Aro His Arg Ala Val He Asn Asp Lys Asn Lea Gin Ala 
115 120 125 

cot gat gat caa cat get oct gtc gtc aaa ft^a gca aat ggt egg aga 489 
Pro Asp Asp Gin His Ala Pro Val Val Lys Lys Ala Asn Gly Arg Arg 
130 135 140 
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FIG. 1 (Continued) 



att ttg tec ttg gat ttg aac ttg aog cca ttg gaa aat gac tta gag 537 
XlQ Lfiii Ser Lm Am r,ea Am Leu Thr Pm Gbl Asn Asp Leu Gin 
145 150 155 160 

ttt gat ttg cga aag agt aat act get cx?t atg gtc gat tgc ttt tta 585 
£be Asp Leu Arg Lys Sor Asa TSxc Ala Pro Mat VUL Asp Q^s She Leu 
165 170 175 



tga ttgaaottto cgtttoctta ttcttttotc ttcttctttt ggatattgta 638 
tttattcatt aattgtagga gggataggaa gtcttotott gtgtattagt eotacatttt 698 
gcagattgta gaacgattag tttgtaaott atcatgatao *wjsy»gH-«^ ataotattta 758 
tatgattatt atactacac 777 
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FIG. 2 



accggtccgg aattoocggg tcgacccacg cgtooggaaa ctttccttgt tgcactttaa 60 . 

tttatgttat agtgagtata ttagagagtg agaa a±g gtg gac aat age cag aaa 115 

Mat Val Asp Asn Ser Gin L^^ 
1 5 

aat gaa oca tea act gtt ata oac tat tgt aga gta tgt aaa agg gga I63 
JtenGluSroSerOtorValllaHlaTsr Cva tea VteLL Cva At« 
ID 15 20 

ttt eat agt get gga get ctt ggt ggg cac atg aga tct cat gga gtg 2II 
E»B Asn Sec A3a Glv A3ff T^i Glv Glv mb^ ftr^ c^y- GOy Vtal 
25 . . 30 35 



gga gat cat aat aaa aac tat ggt gaa gat att aat gaa caa aga tat 259 
Gly Asp HLb Asn Lya hszi ^Css Gbly .Glxi Asp He Aan cit^ Arg T^r 
40 45 50 55 



atg ate aao aaa ttt aga aga gat aaa cca gag ggt «g*g fg^^ tea 307 
Mat lie AsKi Asa Rie Arg Acg Asp Lys^ £ro Glu Gly Gin IsgB Els Sec 
60 65 70 

tat eat ctt cgt get aat act aat aga tta tta ggo aat cga gca agt 355 
lyr Asn Leu Arg Ala Aszx Ibr Asq Arg Leu Leu Gly Asa Arg Ala Ser 
75 80 85 

goa gat cgt gac aag aag tec teg atg tgg oct ccc aat gat cgt ggg 403 
Gla Asp Arg Asp Lys Ij^b Ser Ser Met Tcp pto Pre Asa Asp Arg Gly 
90 95 100 



aaa tat gee eta gac gag act eta aoc eta tea tea atg teg tea orra . 451 
Lys "Tyx: ALa Lea Asp Gin Tlir Leu Hot Leu Ser Ser Mat Sea: Ser Fro 
105 110 115 

gga tea tea gat ctt gaa aga agt act aag oca tat gat gea aaa gaa 499 
Gly Ser Ser Asp Leu Glu Arg Ser Bar Lsfs Pre Tyr Asp Ala Lys Glu 
120 125 130 135 
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jP/G.^ (Continued) 



gtg tat aat gga aat gat aag gac aaa toe get tea aga gaa gaa gaa. 547 
Val Tyr Asn GOy Aan Asp Lys Asp T^r Ala Ser Arg Glu Glu GIu 
140 145 150 

gaa gat eta gcg aat tgt ttg gtc atg ttg tpg aac aaa tct tat gtt 595 
Glu Asp Leu Ala Asn Qj^ Leu Val Met Leu Ser Asn Lys Ser Tyr Val 
155 160 165 

ttg too gat aac aat gag gca aca tac eag got gaa gaa gtg gaa 643 
Leu Ser Asp Asn Asn GHu Ala 73ir Tyr I^yB Ala Gta G3u Val Glu Lys 
170 175 180 

ggc atg i±c caa tgt aaa gca tgp aag aaa gtt ttt age too f^y^ 691 
Gly Met Ehe Gin Lva Ala Cva Lva T,ya y^l Sa t Ser Hl^ G^r, 
185 190 195 

got tta ggg g^ cat aga gpg agt cat aag aaa gtt aaa ggg tgt tat 739 
ajA gly <3a,T ma act Ma iSffiifflg I^ys I^rs Val Lys Gly Cys Tyr 
200 205 210 215 

get goo aag erta aaa gat gac aac gac ggc aaa sac aac gac 787 

Ala Ala Lys Ha Lys Asp Asp Asn Afifp Gly Asn Asn Asp Asn Asn Asp 
220 225 230 

aac aac aat aat gat aat gac ate gat gaa gac teg ate tct cot agt 835 
Asn Asn Asn Asn Asp Asn Asp lie Asp Glu Asp Sei* lie Ser Pro Ser 
235 240 245 

gat tta att tto cat caa gaa tot aac -teg ttt eag tct caa tct oca 883 
Asp Lea lie Ebe His Gin Glu Ser Asn Ser Rie cii^ Ser Gin Ser Pro 
250 255 260 

tea tea teg age tog ttt tea agg aag aga tea agg gtt cat caa tgc 931 
Ser Ser Ser Ser Ser Hie Ser Azg Lys Arg Ser Arg Val Rls Gin £ys 
265 270 275 

teg att tgt cat cga gtt ttt tea tea gga caa gee ttg ggt ggg C2ic 979 
Ser lie Cva His Am Val Phe Ser Ser Glv Gin Al a Leu Glv Gl^ 
280 285 290 295 
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FIG. 2 (Continued) 

aaa agg tgt cao tgg eta tea tea agt ttg oca gag aat act ttt ata 1027 
liYP ftro qys Trp Lai Ser Ser Ser Leu Pxo Glu Asn Thr Fhs He 
300 305 310 

ooa act 'ttt caa gaa ate eaa tac oac acc oaa gaa gga tta trto 1075 
Pro Thr Rio Gin Ghi He- Gin Tyr Bis fChr Gin Glu fiir^ Gly Lea Phe 
315 320 325 

aac aag oca atg ttt acc aao ttt gat caa cxa tta gat eta aac tto 11 2,^ 
Asn hjB Pro Mot Fbe Us: Ascn ifae Asp Gin £xd Asp Lea Asn Ftaa 
330 335 340 

cca gca caa eta ggc aat oca get gaa ttt gag ttg aaa eta cao aat 1171 
Pro Ala Gin Leu Gly Asn Fro Ala Glu Ftse Glu Leu Lys Leu HLs Asn 
345 350 355 

oca ttt gaa cat gaa ggc oca aga ago tat etc cag eta tgg aca gao i^iq 
Pro Phe Glu His Glu Gly Pro Arg Ser HSr Leu Gin Lai Tnp T3hr Asp 
360 365 370 375 

caa caa ate aat aot aat tta cat caa aat gag aag tgo aaa. gat tea 1267 
Gin Gin Ila Asn Thr Asn Leu HLs Gin Asn Glu Lys Lys Asp Ser 
380 385 390 

aeg gag gat ttg aga agg gaa gaa aat tac aag gao aag gaa gca aaa i^i f> 
•Dhr Glu Asp Leu Arg Arg Glu Glu Asn Tyr Lys Asp Lys Glu Ala Lys 
395 400 405 

ttg agt aac ctt aaa ^t gtg aac ttg gat gga ggc tct tot tgg tta 1363 
Lm Sea: Asn Leu Lvs Asp Val Asn Leu Asp Gly Gly See Ser TIcp Leu 
410 415 420 

caa gta ggg att ggt cca aoo cca gat ata gta gca act ctg taa 1408 
Gin Val Gly He Gly Pro Thr Pro Asp He Val Ala Thr Leu 
425 430 435 



ggttagtaao acagtgatcg ttatgtcagc 
ocaacttata cataaactgt ttaacatatt 
ttcaetagtt acaatttgtg attcgtccaa 
attagtatta tgcgattgtt ttgtcattct 



tacaagtata gtaatatata taocaatgtc 1468 
tatacrtttcg tattattgtt gtatcgaact 1528 
tooetaatat agtagcaaca gaoctgtaag 1588 
nnftfffifftma atcgtataat at 1640 
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FIG, 3 

occocatgca atttttttag tctcttcatit ctctcaac±a aaactagatt tgcttcttat 60 
agtttcttgt cxatgtxstct tctcattcat acttgaagta gtacaataac aagHag^ ^tflfi 120 



ca'tttagoo atg gat tgt ata ga't oaa gaa oaa caa caa ^- ^i^ oaa oca gtt 171 
Mat Asp Qys He Asp' dn gin GQn Gin dn Gir\ val 
15 10 

ttt aag cat tat tgt aga gtt tgo aag aaa ggt ttt gtg tgt ggg aga 219 
Phe tys RlB OSr CTO Apc| m Lto r.VH CTv Phe Val ^ 
15 20 25 30 

gat eta ggt ggg cat atg aga get cat gga att ggg gat gjaa gtt gta 267 
Ala toi GIv <5Lv His Mat Artf Ala Gly Ua Gly Asp GOu Val Val 
35 40 45 



act atg gat gat gat gat caa gca agt gat tgg gaa gat aag ttt gga 315 
Thr Mat Asp Asp Aep Asp Gin Ala Ser Asp Tcp g^n Asg LgB Fba Gly 
50 55 60 



ggg agt gtt aag gaa ggt aat aaa agg atg tac caa tta aga aca aao 363 
Gly Ser Val Zys Glxi Gly Aan Lys Arg Mat Tyr Gin Lea Arg Ibr Asn 
65 70 75 

Gct aat agg caa aaa age aat aga gtt tgt gag aat tgt ggg aaa gaa 411 
ProAsnArgGlnLysSerAsnArgVal m» ^ t^^y T^y^ 91n 
80 65 90 

ttc tct tot tgg aaa tct ttt ctt gaa cat gga aaa tgt ago tea gaa 459 
Phe Sm- g»ir ■Pro t,vg Ser Phft cii-^ yw^ Giy tivs Cva Ser Ser Gloi 
95. 100 105 110 

gat gca gaa gag tot tta gta too teg occ ggt tea gag ggc gag gat 507 
Asp Ala Glu Glu Ser Leu Val Ser Ser Pro Gly Ser Gin Gly Glu Asp 
115 120 125 

tac att tat gat gga aga aaa gaa aaa gga tao gga tgg tct aaa aga 555 
Tyr He Tyr Asp Gly Arg Lya Glia Lys Gly T^r Gly Ttp Ser Lys Arg 
130 135 140 
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FIG, 3 (Continued) 

aag agg tea tta aga aca aaa gta gga ggo ctt agt act tea act tat 603 
Lys Arg Ser Leu Arg Ttar Lys Val Gly Gly Leu Ser Ttir Seer •Ehr lyr 
145 150 155 



caa tea agt gag gaa gaa gat ctt cto ctt gca' aaa tgc ctt ata gat 651 
Gin Ser Ser Gin Gin Glu Asp Leu Leu Leu Ala Lys Cya Leu Ua Asp 
160 165 170 



tta 9c» aat gca agg gtt gat aca tea trtg gtt gag ccbl gaa gag tct 699 
Leu Ala Asn Ala Arg Val Asp Thr Ser Leu Val Glu Pro ^1 ^^ gOxi Sec 
175 180 185 190 

tgt gaa tea gco agt agg gag gag gaa egg geg goa egg aao teg otg 747 
Qrs Ala Ser Ala Ser Arg Glu Glu Glu Arg Ala Ala Arg Asn Seer Mat 
195 200 205 



gco tao ggo ttc aoc oca tta gtg agt act cgt gta ccc trtt gao aac 795 
Ala 'Syr Gly Fhs Thr "Bvo Leu VcO. Ser Ihr Arg Val Bco Fhe Asp Asn 
210 215 220 

Bag get aaa ggg geg tot agt aaa ggg ttg ttt gaa tgt aaa get tgc 843 
Lys Ala Lys Gly Ala Ser Ser Lys Gly Leu Phe Glu ryw T^yfr ry^ 
225 230 235 



aag aaa gtc tto aat too oao caa goc eta ggt gga cat agg gca agt 891 
LVB Lvs Val Rie Aan Ser Gin Ala Leu GI v Glv His Am Ala Sar 
240 245 250 



cao aag aaa gtt aag ggg tgt tat gca geg aag caa gat caa etc gat 939 
Bis Lys Val Lys Gly Q^s Tyr Ala Ala Lys Gin As(p Gin Leu Asp 
2S5 260 265 270 

gat ate tta att gat gat caa gat gtg aat ate aca cat gat gaa 967 
Asp lie Leu He Asp Asp Gin Asp Asn Ua Ofar His A^ Gin GLu 
275 280 285 

tto ctg caa agt tea aaa tee atg agg aag tea aaa ate cat ^a tgc 1035 
Che Leu Gin Ser Ser Lys Ser Wat Arg Lys Ser Lys lie HIjs Glu SZS 
290 295 300 



23 



EP 1 230 843 A1 



FIG, 3 (Continued) 



tea ata tgc cat aga gtt tto teg aca gga c&a get tta ggt ggt cac 1083 
Ser lie C>m Hia ACT Val Phe Ser Thr Glv Gin Ala Glv Glv Hla 
305 310 315 

aag agg tgo cao tgg ate acc tcx: aat tco ooo gat tct tcsg aaa ttt li3i 
Lya Are qya Ma Tcp He "Stic Ser Asa Ser Bed Asp Ser Ser Lys Ibe 
320 325 330 

cat ttc aab ggt cat gtg gag caa att aat ota aga tea aaa atg cat II79 
RLs She Asn GI7 His Val Glu Gin lie Asa Lea Acg Ser Aan Mst HLs 
335 340 345 350 

aaa tea gat gca tta gat ctt aat aaa ctt cog aca cat gaa gac atg 1227 
Lye Ser Aap Ala Leu Asp Leu Asn Asn Leu Sco Use HLs Glu Asp Hst 
355 360 355 



teg cga att aga cga gao 00c ttt aat cca tta age ttc gag gtg tea 1275 
Sex: Arg He Azg Arg Asp Pt» Ete Asn firo Leu Ser Rse Glu Val Sear 
370 375 380 



gat ata oao ttg oaa tat cca tgg agt tgt get cca aaa eat gat 1323 
"Stxc Aap He. Bis Lea Gin Tsr Rco Tcp Ser Qrs Ala Fro L^b Ash Asp 
385 390 395 

gat aat gao aat tao tao ctt gaa gaa att aaa ate gat agft aat gee 1371 
Asp Asn Asp Asn 1^ Tyr Leu Glu Glu lie Lys Ha Asp Ser Asn Ala 
400 405 410 



aae aae ggt aag tao aat att eat aat ggt gca aca caa aat gta gaa 1419 
Asn Asn Gly Lys Tyr Asn lie Asn Asn Gly Ala Tbr ^''^ Asn VU. Glu 
415 420 425 430 

gat gat gaa gca gat agt aaa ttg aag tta get aag eta agt gao eta 1467 
A^ Asp Glu Ala Asp Ser Lys LeaLvsLeaiAlaLviaLeaSerAsDLea 
435 440 445 



aag gat atg aat aoc aao tct gat aat coc gee cat tgg tta caa gtt 1515 
Lva Asp gtet Aan Qir Asn Ser Asp Asn Fro Ala RLs T!cp Lea Gin Val 
450 455 460 
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FIG. 3 (Continued) 

ggg att ggt tea act aca gaa gta ggg get gat tea taa gtaactatat 1S64 
Gly lie Gly Ser Thr Thr Glii Val Gly Ala Asp Ser 

465 470 475 

goagttatto ctttgcttaa tttotttttt ttctgtcacc cgagtatata tttatatgca 1624 
aatattgtaa ttataacttc am aa ana ga tagtaactgt ttggtgatgo aaatactgtt 1684 
aatatttgta ctcocttttt ttttgtoctt ttcttgtaat tgatacacaa tcttgtaatt 1744 
ttttgtactt tcaatttctt gagctgtaat tttcagtgta atacagaact ca^atatgt 1804 
tattcttgca atatgaagtt tagtatgcaa nagt-naaaca cgattagtag aagtggtctg 1864 
t aa to o o too cactagttac aagttgggat tgattcacxxs acagtagttg gggctgactt 1924 
tgaagtaaac atatgcagtt attc ^040 
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FIG. 4 
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FIQ.5 

otgcaggceig mnnnttagg agatrtttoca scaocaatot cxaototgtga tataacttca 60 
cttataggca "tgotatrtgao tggaattgta caattgatao aacaagggto gttggagatt 120 
ggattgcocc tgttaagcert: cx::gtgactta ataggctact cgttattggt aattoatcaa 180 
atatocx:tga aattctcaca ttaattatgt tantrirngm attatgagtt agatt±gact 240 
tBCBtecgLt gategootaa ataati±gta 'tgataotaao ytitLLLLLda oatgatactt 300 
"tabatteact ttydggLLLg tDotaciLLLLL 'tgtgyH'ato ataggcaggt atagttagtg 360 
gagcatgtgt aagtttcaat aattgggcaa ttsmrjmmrj agggocagto t±agtttc3pg 420 
tatttagtcxs tgttggaact gtgataactg togtactttc tgctatcaoc t±gaagt:aca 480 
caattaBtot gggaaggtaa aacctrtatoo attLLcactt ggatctagc^ tjatatecagL 540 
gtaaagaaat ttt±acaata ttttoraaagt aa cttttnna gacgattato aataatcatg 600 
ttttacttaa cotgatagtg taaatatatrt ttttcwv^nt tacaattact ttagttottt 660 
ttcagttgca tcaaaattca aacttcaaat gaottaactt ctttttgcag octtggtggt 720 
atgtttotca tgtttacggg t uUglalLt o gtgttotggg c±aaaaggaa cgaaggattt 780 
otaaataata ocaactcxrtc agaaagtgag taogatgttg agaagcsctct tttgcattaa 840 
atttctttrtt attctcaatrt gtaatatgta gttagtttgt atataoaact agaatcxaaao 900 
atagagaaga gagsigggaga. guLLgLLLgt aocaaataga taacatgtact: gt:t9atLt.aa 960 
gtatocacata ttggtactgg aagtanaotg ttaatgttgc ctgcgattca a1±gtocagt 1020 
cxsttggtgta gtgagacagt gttaaatatc cxztcatggta taaaaaatgg at±gGtgtot 1080 
octtatotgg tatttgacaa tcotcsacott ttgagctaaa att±gggttg agt±Batgca 1140 
attgtcxatt tcttatcaot gtaMtaoto ta yyuLLgya gcrtaaaaota caaagcsaaaa 1200 
gagaagagag nrnfffignnna aagaaagact at±a.tgatag ttgataLLL g aaaaaatgca 1260 
agttocaatc ctagtaatat cttrttatttt gcagtagcat gacggaatat gggaatcaaa 1320 
atgtagatgc ttttotggot atatxstaaga uuuLcLlcLL ttaoootagt LtLgLLLL to 1360 
attxa cLttt ggaagcagoa agggtagatt tagaooacaa atatgcaaaat g bLLLLtttt 1440 
LtLLLtLLLL tgtaaagtct tagaaotata tggagtataa ccLLLgggaa aggggattga 1500 
atcaatgatQ ataatgtcao aatcatgtag taotacattt: tLt g t Lc L Lo aat±tgagat 1560 
aofcagtttga Gatt±ocxaa gtaaattatg cttcaacact aggattotot tgtttatatt 1620 
atctcattga agctatgcrtt taactctot± cxsttgagtgg attaaattga aaaagtaggc 1680 
aaagaaattt atgagagt±a tgatatcgat atcatagagg ffraraflflfltt aagaaaatgc 1740 
gaaaagactt ataocacaaca aagaaaatat gaacactagt atcgatcaoc acocztgattt 1800 
acaatttaat gtactggtgt tca aLLLLg t gcttgcatcg actatttcao cgaatattta 1860 
ttcttattta taaaaatatc gaataactat gacxatcaaa gtttagocaa ataaaatata 1920 
aaaaagtota tatatcacta tagtaaactt tgtatttatt ggaattgaac taaaanttct 1980 
tccattacta ggtcaaatcx: cagaaggcat attataagtt tttgtttcaa agcctocaaa 2040 
ocaagtacBC tcattttctt tttgaz&gaaa gcgagttcat ttgtaggcta cgtgaatata 2100 
actactttaa aatattgctt tgtttogaat ttgocatgag ttactacsatt cacacaaaat 2160 
tcttaatgcg actcagagtg tgtgttttaa ttttctttta gagtgtttgt anttotatat 2220 
gagggtcaot agtaaagtag tccactaata ttacaaattc ttacattacg tacaatgtga 2280 
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FIG, 5 (Continued) 

ttttatgtca gtagatttga ctgaatgcta taactacgag agttagaaat agtctrttgcxs 2340 
aacxaratta taaactgaco ctooaattgt cataacaaac tctxrtrtgttc tcatcxacaa 2400 
Gtaaotttaa ctagaaacta ggacttooct caottatgct acaaaaatcxs ttataactac 2460 
eocacaaoct ttagtactgt tcactaacta attctttatt tataocaacc ctggct±gga 2520 
gtgtagcaaa aaaatgtaca otactocaaa gtaaeucacta tto L L l$aa a ctttocttgt 2580 
tgcaotttaa t±tatgttct agtgagtata ttagagagtg aga aata qtg gacaatagcc 2640 
agaaaaatga aocatcaact gttatacact attgtagagt atgtaaaagg ggatt±aata 2700 
ngtzxtggEigc tc 2712 
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FIG, 6 

gaattcacca ccaogagtao ttattttgat gagcatggca tt atLLLLc a aacttcttgt 60 
gctggaacaa cacagcaigaa cgggaaagtt gagcgaaaac ataaacatat tttgaatgtt 120 
gctcgagcac ttaggtttca agcgcalrttc ocaattgagt tttggggtga gtgtgttttg 180 
atggcgtgct atttgatcaa gcgaaoGotc tcat c g gtct tiirafgignna aaaatgccat 240 
atgatytott ttttggtgta acacscgaaot acgagca±tt gaaagtgttt ggatotcta^ 300 
gctatggtca caagcatggg tgcttgggag ataagtttga aagtaggagt cgtctgtgtg 360 
tlLLLattgg ataoccatat gggaagaaat catggaagt± atatgatttg gacaocaaaa 420 
aata±tttgt gtogcpgggca octagoaoog aagcactaag catocgaaco 'uHiiH: 480 
toagoatatg agagtgattg aagatgacta tggtattgaa gtgagggggt agtgacactg 540 
ttttgacaca mmmg aaa aaggagagga taca g ctcga ggapgtgata atligacacto 600 
caagtttggo tac ng agact eatgtcatgg aagtagaaaa ooc g g t caoc ggtgtca-tgt 660 
ccgatcaatt gaangctgaa gctgtgggag nf CT ^y LLyyg tcgagaaaao taattaggaa 720 
ggagaatgtG toct±cgtga LLLLLcactg gtctgtogaa aggttagtca ocaggtttca 780 
ajoatgtgtoc acatgtctga tittctcaooc gtgacacaao gagoctcagg ta oj<.x,;LLal 840 
csctottacao actatgttaa t±gtgacpgt LLLLotrtcga agcatgtgag it 1 1 < it t ijf 900 
gotattacgg agggtcgtga atcgacctxst ttctgtgtgg cxiataaagaa tgaaaoatgg 960 
agaaagacta tgcaatagga gtttca agc a titggaagata ataaaacotc tatggttggt 1020 
Iracttgocan otgggaagaa agogatogga tgtpggtggg tgtataagat caaatataat 1080 
tocgatggat cagtggtacg atacaaggca qgtttggtta yLLtlyUfwn tcatcaggto 1140 
eaaggGat:tg attatacgta gacatttgct cacagtcgcta aaatagtgac tttgaggaca 1200 
tttcttgoag tcgotgcago tnnnmtt gg gaattgoato aaatggatgt tcaataatgca 1260 
littgtacagg tgatcttcat gaaaaagtct atatgaagct gocaocaagg tatcagacta 1320 
atggttacgg taatgtgtgt cgcxjtatgaa agtttttgta tggtttgaag caggcgtoga 1380 
yaLyLLyylL cacgaagt±a ttggocgatt tgaaaactta tgcttttana caatcttatt 1440 
cggattattg cxiLLtLt aca ottcgtaaag ggtocgtcao cttaagtgtg ttggtgtaog 1500 
tggatgattt gattattggg gGaataat±o ggaagctatt cgtctattta agttgtatct 1560 
ctcxiiBcttgo tttcttatga aag aLLLygg catactaaat ttrkttgggag atgaagtggo 1620 
tagaggaoct aaaggtattt toctatgtca atggaaatat gcxittggata taattg gatt 1680 
attaggagct cgactggttg gaacttctat ggagcagaat csatogtlrtgg otttggcaag 1740 
tggocgatat attgatgatc tacatagata tatttgattg atgattctag tgot±aatta 1800 
aagactgato aattgtactg t±at±aatta atctttgttt aggaggagca tgtgggctgg 1860 
aaaatgatgt agcaaacttt cscatacaatg ccatgattac tgcaggaaat gaagtcxrtrat 1920 
-ttaaacatgg cLL L ggc t gt ggtgcatgct aocaggtgca cttgaaattt gttttataaa 1980 
aagagaaaca catgcatgaa ttttgagttt cacttcgcaa aataaatgaa atctttattt 2040 
atattaatgc aatcgatttt caggtgttgt gcttacagaa tcaaaatcaa taiotgutcag 2100 
gaaatocant aatagtaact nttacagatg agtgocxagg ggcatgcaat aatgatcx±g 2160 
ttcattttga ttttagtgga actgcttttg gagcxittggc aaaaocztggc caagctgaac 2220 
aattgcgtaa tgaaggaaga atodaaatta attacagaag gtgagttaog ttooaoatga 2280 
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FIG. 6 (Continued) 

caaatagaga aatcaataca aaatttocat ttacttagta acacjtctttc cttgttagta 2340 
tgoctaaaaa agagftagtac acaacacaat taatgcacaa ttttgctaaa ocatgatatt 2400 
gaatogtgca gagtggcatg cagttacaag gcaaatatac aatttaaggt agacaaaggo 2460 
tOGaatcx±g atttcttggc agttgcagct gaggcagt±a atggagatgg tgatctttct 2520 
tttgtagaaa ttaaagcatc caattcgaat caatggcttc ccatgcaaca aatgtttggg 2580 
gcaacttgga gpytlggoat caagnca ga o annfingnnnn ctcctttcto act±agactt 2640 
actacagaat -ttaagcaaao agtcatrtgoo caaaatigtca taccagtggg ttggcsaaoca 2700 
agagcsaattt nn^aatnmn tgtcaatttc ccaoacaaga tttagtttaa t ctttt taoo 2760 
cacaatagtg taaaaataot tateaggact acaaalztaaa tactctatgt tcaacagtgc 2820 
tatttaatta taataaggat taceuiattaa agtgaggatt cttotcaatg ataatgtoaa 2880 
aagtttggga tgtcaaatct atttgtattt tttttcacat caatgatcaa tgaaagttat 2940 
ga ttlt agta ULtLLLa att atrtaataatt tgttttcactg tatttcaata ataatattat 3000 
otcaaaagta aataaotcaa tattcaaaac tgacatgaaa attttcat±c tcactatatt 3060 
tatgttottt tttcagtctc aaacgoGcaa attttgtacg aamanttyt tcggataago 3120 
gagaaacact cataaatgat opinannFtfyi a tagtgaataa agaaaaotaa atatatttac 3180 
tcttgatgag tocatgatgt gtaagtatta tnttctgoog tocaatttgg ttgtttgaca 3240 
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